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SUMMARY 



TTia systim software In the Air Force Advanced Instructional System (AIS), while providing 
neasiiiiy c^ssroom support for courts it Lo\yry AFB, did not meet ori^nol design performmce 
objectives. In addition, due to cost and other ImpactSi full features of the Computer aisisted/managed 
initruction luiguagi (CAMIL) implementation were not realized in the Initial implementation. The 
objectlvi of tWs work unit was to, detinnlne whether a different approach tQ the implementatipn of 
CAMIL pould meat^iiflnal |)erformaice objectives and also implement the full language and authoring aW 
lyitem whltfe simultaneously offering improved maintainability* \ 

Approach 

The CAMIL language was slightly modified to improve compilability and progr^^eadability. A new 
compiler for the lanpage implemented, bas^d upon top-down rec.ursive anal^s rather than the 
table-driven agproach used in the oripnal opmpiler. The system support program was rev^tten in a 
level lanpage, and the system v/m conrigurSd to run with a reduced level of interaction with the operating 
lystem* Several service functions were traifcferred to peripheral processor routines to dlow for greater 
parallel processing, arid key CAMIL programs were.rewritten using the new systim. Thef resulting system 
was to be-perforraance compared with the orignal system in drftail, but this has been aeferred due to a 
change in operational requirements. 

Results ' 

Over 95% of the system has been implemented (n the hi^ level language PASCAL for ease of 
maintenanqe of the system software. The new compiler mns approximately 10 times faster than the 
oripnal, and several possibilities remain for further speed enhancement. The new system provides for an 
elaborate group of authpring aid functions while imposing no additional burden upon the author, and 
numerous ftirther programmirig aJds could be added to the new configuration. The resulting CAMIL 
prograins appear to run from 5 to 20 times faster than their predecessors^ but this relationship has not been 
rigorously tested ^ Was oripnaUy intended, ^ 

Condusions 

A path for considerable quaUtative and quantitative improvement in the AIS syltem software is 
available if and when system loading increases^ due to demand for AIS computer sen^ices. !■ ^ 
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PROGRAMMING LANCUAGH CAMIL II: 
IMPLEMEhJTATION AND EVALUAtlON 



I. INTRODUCTION 



Thi langirup ckscribed In thli docuhicnt lioM been Implemented In support of it large scale effort 
withl^ tile United Stitea Air Porc6 training community to flpply computer technology to Improve technical 
tfaii|big aCflciincyp Thi major if fort in thii program has been to apply individuilly Biilgned leinpaced 
'idairpin|^mathods to four hlgh^itudent^load train}ry^ cpurses ot an Air F'orce tcclinlcal training center. Within 
thii fnvlroniTi^nt, a large sCalo computer ^hni been programmed to managb the injitrilctiohal progranifi of 
ipproxlniitily 2,400 students by tracking their pcH^furinancc and eapobillHcs and assigning appropriate 
initruetional packagei based upon their past and predicted perfortnance. The cnmputer also performs many 
of the ^dminlitraillye tasks created In such an environment, keeping all student records necessary to 
properly i manage aach^ student indjviduiily. One of the availahle instructional media wfll bo interactive 
Cdmputer isslstcd instrlJCtion (CM), also supported by the central compntcr. 

In order to irnplement the above software, the irnpleniontation of a contemporary progranunlng 
languagi capable of lervicing both stodent managamfnt ind student initruetional lermlnaiii ai well aa 
software dcvelopriicnt, was deerned^tecossary. Ikfcire the decision was made to develop n new language 
and/or liinplementation, current languages supporting similar activities were rcvlewo^j After detemilning 
that such an integrated attempt at computer assisted/managed Instruction had never beft)re been attempted 
on the. scale of this effort, it was also determined that suiiahic software had not been previously developed 
in support of such an appljcafion, The most closely related efforts were a large scale computer managed 
instruction (CMI) syslem at the Naval Air Station In MemfjhISj Tennesllec, and the Plato IV effort at the 
Coniputar Based nducfltlon ResearciL Uboratory uf the University of Illinois in rhanipalpi-Urbana. 
Although both were outstanding exaiiiples of tlieir respective types (if progroitfs, it was telt that neither 
offered software capable of supporting the type of integrated CAI/CMI environment being souglit. For' 
these reasons, it was decided that n cun temporary programming language supporting the best current 
programming prhcticcs would be speciried and implemented to support the number of students anticipated 
in the projected Air f'orcc t raining ieovironmcnt. This language was identified as CAMIIm a mnemonic fur 
^ Computer Asststed/Managcci Instruction l^mgu^ige, 

"^feut^usc both the original iniplcmcntation and the one described in this report are referred to as 
CAMIL, the two languages have been referred to as CAMIL I and CAMIL IL Tliis report wdl for purposes of 
brevity use the term CAMIL (brjhc second implcnientation since our purpose i,^irimarily Jo describe It 
rather than to coiTiparc the two iniplcmcntations. In the lew places in which the two arc licing compared, 
suitable discrimination Will be rnade. 



CAMIL can be described in custornary terms as a higli level, general purpoHc,, interactively 
implementeU, ALGOLIikc, extensible programming language. The syntactic format of the language is 
generally like thiit of ALCiOI:, while tlu^ semantic leatures cjfthe language generally represent cKtcnsion and 
gcfjeralii^ation of the facilities of.current PASCAL. A major addition to its capability is the inclusion of an 
English like statement called a "sentence", conipqscd frc)m "words** such m "verbs/* "prepositions," and 
'*adverbs." New words may be defined within the program, effectively allowirig new staicmerits to be added 
Jp the language, within a predenned flexible syntactic Inrmat. Ancithcr major facility added, which mIso 
Supports sentences, is the support of mulii-elemcnt cxjKmions or groups of values. Such In pies may appear 
as lists of verb objects in Sentencci, or as values which may be assigned to multi element, user (Icclared 
types such as arrays or rccorcfc. The user may nlso declare new prefix, inrix, or postfix n|ierntors for cxisiii^* 
or user denned types, or may cxlcnd existing operators to new u.ser defined types. The language nlso 
includes a large standard library <if duHncd sentence words allowing liigldy scirdocunicnting programH lo be. 
implemented by relatively unskilled programmcrH. 



\ ■ 

' CAMil. h com\i\^j\ IhlfraNnliile binnry toda fnf fhn c nnlrnl Dairt ( nr|Hi!Ht|nn (CMK )( YHhK 70 
icrici cfimpiitefi. Th^ tictmiiilcr U wrilfni In PASf'AI niwl iniplpfiienH a pmucsu alleil Intelllgfiil pflfMal 
cofMpiUllun. All CAMIL pro^gni^ m Inle ractlvely.PilllftH by Rfi mMm ttHMliiMr PilHcrt wriifen in t AMI!., 
which cooperatively ^riiclures ('AMlt. prcigmni^ fnt ffKMlnisr tnnipiliiihni hiu) kiivei fiircHmatmn for W 
ccHnpilfr to use In o^rjl<l»ng unnncjenafy c<M!ipiirtth»n nl ntH haiise<i iniHliilc* Ukewl^c, ili^^imiifrflq 
^nerMes ^nl storC!i troH rcrerrruc lnfnrinaf|(»fi whji h U \m% fn (Irlrrmlno flppHng rffrtti of fiillln^ 
chRfigCi In %f*iff in cause rccoinpilnflnn nl iHfecicil nmcliilcs. lUIng thiv frdiniqur, K iMiot uni«u#nn 
feuoinpilc e 5<)0(Mlno pn^grflni in sevnrnl < rnf ml prdiP^sinH iinil f( PW) m\ rcHl IImip %mmiU Mncf ninth 
Miput/nntpfit( I/O) anil prncc^^ing c?m be nvpiflrfl irr n typli «1 t<Mrtp|laficm ^MUallrni, 

in (>r<ler in r^vlllffll*' Hnnlysis nl Muikwi lUiwhni HenrrHthHi i)f pc^fl/ulir rfpofl^ in bsfi^h imnlt, 
('AMI!, hm \m\] implcmcnipjl m\u^ Usv niiinr mkhc^H innvrniinn^ PAS< Al . thiw ii|I(j>A^jnR cnrhpRilblP 
(Iwriplininuraufii collet tcO nn line U) br nmily/rd wilb ^AS^'AI, pffiKmnH rvrn lluMigb pm kfil rpvofclii nr 
fiffny^ rTiny cHiit in Ibe (^AMII. ibilM biisr. Ao intrrlmr'|im ;illnw^ m\y btkU h pn^f^irTi fnrall (Mil Ibi^ 
^jimr iii^k I/O ^nvl(/»^nv«lb!lilr in ( A Mil tn \\Liv%% (hr ^tmlent (lala lu^r iimfilnlrd by f^AMII pmgfanH 
rnnfilnH In fc^^l linir hi mblilicni llir CAMIl. %y%\nu ;illnw^ prn|>T*«fiH tn hr (Irf^idirtl (mm Ih^f jnithilinK 
frnniiiHl jirid in a "}mkpnw^V' \))oi\v M .i srrvur Ijrnlir*! prifpflfv . fKh prcViclr^ for ^hitn nm\y<\% ^fnl 
prntc^yriK in t'AMU witlMniAiirt rs^arily irsnviii^j ,i LinwiMih r r«Minliiiil In bu iliMtr \ixmu^ nMNilliy nf 
Ibc %y%tr\))^ Ibr ( AMil . nfopi^r .iihI PASf'AI , (nn plhu hnth infrflm r clirrrtly tn ilir « '/j(Ml! (bin h■^^r %n 
fliilt fiipid furn^ifciimtU df compiintii?n!rcnfi br iiubicveil wilhcnH ii^iiiK the System printer, llm^ allowing Mny 
taminitKiti thf ^y^lnn rHMwnrk !m Mm ^,*liwnrr *lrvr|iip}nrnl Ibi^ .nithniinK enviifM^mrnt 

citrHllfiitB very nnp*iitHiif pint "I ^ir CAMir iinllnnnoi n^tnii *nnl b;n h ilirn t imprt^ t on tbr 
pnujiiciAVit y nf thr ( AVill prnfM-nnntrr 

Ifi nr.lcr ((. krrp ilir rninpijrr mnl huyu.m' drMnptmn . Insris trhiio*!^ Hir llnsv duif! <lruiiptivr 
tnrthnd (levd*tpnl l^v Wifth m irfrnnn r 1 il! I'r .ur.l (n dr-u nhr Ihr ( AMU ^UnnHiKif . rAMM lin^ licrn 
tioHl^cti liif mpjil coinpilMinn wiili Ic w lurward U'lcu ruts fCipiircd pc»^.Mbk rrnccihur^ n^^cil nut W 
Inrwnnl ^Irdired. imd laNMs i fUMnj M*>t he drrhnrd ;it ;dl Tlir sunplr ( nil linnHli MMnniiiu.dly pr»wrrful) 
%viij;ix irsults in t-'H- uimpdr ^pinMh nj alMUit ;M) U)() Inirs/MU svifbin drr!;tr;nnMi^ nrni ,d)tHH IfNI 
litii's/siH wtliun-rHrMiiahlr UnlrinrffU nn llir ( VHl \i \ n \b (C nritn^l I Mh* h-m) WmIi tlir piirtird 
c niiNiihitinti t'ThriMpU' Mirntinfiod jln^vr. tins nlUMi n'sMlt s .in cl bn I !Vp nnfipd;ninii f.ltr^ ^^fp.Hn tl,.ui \m) 
liiii-JsR (Mid. I fM.r ip^nvrrv fs pnrli« ul.nl v rond sirfir tho , unipilrr 4 au .ihi^u i ninpibilMMi ni ,diy^nf .inv 
Mimlulc il fl "h'sf* .MUl tniilnnH' In nllirf MHuhilrs wiilnni! tlu' soinulnnc^ d''v.!-,l.i! ni^^ «'lla t hv 
nUHfitiit* I sV n)lM»U siK li .ts p.ifi'iilln'^*'^^ nf III ( 1 1 N I N I ) p:ni 

l^^ti.ifMv I'nnr mI fhc rx.nnph'^ jndudcMl ni tins p.iprr wr nniM hrirlly vMilnin ill'' li;iidw.n»^ 
rfivirnnnirnt in swIHrli ( AMil v^rritfr. ( AMI! ii ffni^lt'fnrntpd !f> '^^K . rnhnl nirrnni y rVHI.R H lb 
pnuess*>i jnii sriVK^us .i unHMi! ^mMw-^^^ nl s() Mjiniiivru lliMn,i DispliV ('MnnhMls fliinn^Mj ;i tli^'il.il 
tcK^visMMi . onninnii' .ilhur^ n. tw..i^ nfiiMn.illv ■!» C nnipiitrr IliSiMi I dtn .ih-'n UrsiU(i*)^i» 

|.il>nf,|fntv nl ill.- I Oivrisifv «'} I linn n v ( M r I riMu r ') II u i vv ni k ,d sn nu bnlr's |r ' in t rlllKni t s! n< ^ 
ni.ii,j|yinnil M'nniihiK (nptnal Inrnis tiMihn, \u\\\\r\, !'!)!* I 1 /(J O ^^In^ li H'^*' ^ nni|Mid>|r pM»l.Hnl mi thr 
miitir Miihrnnniriuinru iMrd^v.iru. \\u: nrt^vud n i'X|MndihlM h, uv.M.JIKKi irinniiids w,t!in» tbis lMsi. 
iKinUviiTiv All d|spl;iNs inrsinMi'd nl Ibr^r nn niin.ils >nnsl hv i)iMdnunl by 1 AMil pn^j't.inis l^^ni Mil 1^ 
p,^,„|, I, _ fMilil!*nis, |mI... ) .nr srt.ur,! ^iMnj-l, ssslrin pin ml v In pinvnlrsviu lno,nnis d.iln 
!i,nrdi'f (pf!i}'!,nn l)K |V lj< , i' stmi !rd r.u h I nl j s.m nnil ) iini intohtt livr r mh nfi -mi uM A MM pfiH-r.inTs 
(prnj^r;iinl Xb f U 11 1^ vnlunljnK f^'lr.ninr Hh- TIM i mIiIv whni (AMI! frfpuM^ ;ne vtlislietl), lhf.unli;d 
'( AMI!. iniplri!inil.ninn (nrn itllv m ivkC'- JiipiMHifn^iU'lv ' HH) nNlil.irv sludrnh, pnnMMlv ilnnjiKiH'Ml 
srfviiCs ,!t snMlwi! in.ui,i IT I inml U unii^il^ whik nihnj. tiv*' hninmnh nir » urnniHv n''*^d pinn.ndv hn djfj^ 
h,isr-iM:ifniroiiivnt,.MHtsvnri' dcvt'b -p'"^'" ^ i'^'' '" '''^f^'il^^ =nitinMinp I'ln- lanrnniY dc.. filf'd in this d^H nnirnl 
ii'iXsnits I ntMn^ .idv.ifnrd vt-^on m} thr InuMLnM' li^UMP^ifMMi tin- is|ilirr rxih-iiiMn r ,nnl wns inUnidrd 
ifXrnv.' th.' J^nipMp'' qu.ibl.ilivrlv ulnh^ nlirmn- fn.n-n nn pn.v.nnrn ts ni niiphnnriilniinn idlu irtu s .nid 
nmlinrinji f iifiuurHiini Inn*' I 



lUpott OrgMiiitlofi 

Thli ft pcirt hii Iwn Tnajnr subjegfl; f l» flfM pniJirnpaMing the l^n^uigp rtful lltf mmi\ encnmpawing 
th« ioftwire ilimenU nitded t" Implfmfnt the languipe upciri thf CYbfiR Lumptilef Wff have tried fn 
prejiefit i narritlve deicHptlon nf the Igngiu^ rfnd ImpjemfntBtitjn, rijlhtr than i furmaj Unituage referchcf 
m«ttiil, in cirdfr to impirt in the rfid^r ui uridtrifirulinp fiF ttte ifjKlfciuired to hnplemeni flili type nf 
loftwari incl of hiiw the laftguajee and Implimfntation relatr fti i^VfTO otlieT cfinlffTipfirary Idngiiafiei and 
lmplementil|fmi. Whit we have ffnjnd mm\ dirflcull^ti) pjaic Into wcirdii hai been the Imf^ct iif the 
Infernclivi And ilynarnic auihcHlnp envir^^iment Iniplcmcnipd hy thU ^ysfem up<m *iiirsclve^ 
pfogrifwfrtffi. We have viewo{l ihli pff»ject fffini tlie h^ginnlng i\% the ((insttuitjnn «if r moffvnling and 
enablini tonl fm progrimn^f rs and c*^ur*r <lc»vp|o|ifn wfilrh wnulH allow Ihr iripiil devf«|»»prtifnt and 
f^luatinn «d jnferattivr c#inipiilPf R«^i«lrcl jn«'^rnitl*'in rnRnappfiirrU /Mfhoiipji thr pcilefitial nf ^iicliHn 
envirnnnient rnn yrt hern tlcmnryitrntrcj, wr niiw tinvr thr ahility. fn rnaKe sik4i jri cnvircmfiirnt 
availahle . - t 

iJinftiipp l>P*t riptMin / 

\]m nf tli^irporl will pf ^i'l*' ;i prti^^rnhjr^i riph* iiH if lli? ^ A MJf luri^iingcN If intrridril f? »r 

a rf^Mirr wtitt hiU ^ workiri^ hnnilhif My vvtrh i nntrinpHiiirv hUilt i^vrl pru^nnnniin^ Ungiin^r^, |i 
AI IfHl . PASrAl , Hf I(,)VIAI Ihn ir.iiln •^JiiMili! r.nilv ff^i uj^ni/r ihr pnrpn^r f'U irulujliriK ini*sl ol \hv 
d«*^frtHpc1 fejifiiffi in a Uinf?iLi^ su^^h .it ( AMH th^fpfcirp, v^rv frtnidtiir dsta tvpri cir itntenicnt* are nnt 
ik%{T\hvi\ m gfr;if cjrlnil ( fMi<*friH ls ii!in|iM^ to ( AN! 11^ .ur (IrnirihrtI fuin^Mivrlv in HfO.itrr dctfU! ihiil thr 
ffih|i*r will hf* iihlp tiLfrlrttf" t|ir*n fti hh iljtir^ wiiii fi jMipht t?r frprr^iriUf ii hy (lihrr i nn^inrH'^ in nthfr 

Uir ( A Ml! ivfit.ix 1^ ili'^Ml^MMl hy ,\ vM' n( Kf.ifiiiiKir tliiirt^ iKinp. thr h.isii «tvlr.usr<l hv Whih 
(RrfcfrniT ]) fn il^^i fihr thr nfita>i nl PASC AI Nn jiufu,!! ivtHhutioti of rr Hiu thm, HTnjtiniiif v%]%i% fiT 
the t AMII. II iinplcrncntLitioii, rrnrLtir^i Ihr hu t tluit^ tup^dnwti. rinuisivi'; dc'HPJjl liHnpijpf \% mv%\ tn 
iiiiplrnirnt tlir hniHUHK*' frilinti'Mi n.ninti.n' i^r llio (jruufniM AMIl iMiplcniriUnt Ifur i I'litiiincd iihnn i 
■too punhh iinfu. s'Miir nf wfihh i < M H'sj ** Mi > I h* Icifiiirs whi! li h.ivr fmf Sri hf^il MiipliMJirntrsf III tlir 
tifi>?jrt.4| ^v^tefTi. iliis tmlu afos .th'^ i ■ ut?pl'" ^it v vwlnrh \i\as Ui^ mMu wlifi'i u t;it)lr (hivfilf VHithHu up 

Mifftfiilrf is u^t'il tn jf n plf f lu^iif ,1 I'MMpi*'^ Liiirn.iFtv ^inh ,\% f'AMll hi < mnpjfi^'Mi, tfir ^ynfnx rjuu! 
ile^tniMinii tiif thr . liirrnf ( AMI! fvvpiv . nrnp.n f .ir^tl rr;i«|ilv irljfrd tn ffir t nin|iilrr ^rnh tiirr Ini 
nuintcnjiiLC f?urpristM.Vilthnu^h it tl*)^s*tinl Itavr tht' ^ni Jr iiUt cd rchttp nrdiip ijuit !Ld\icln)n ^.f iiniDHii Iuln 
wifh rr^pnt }hf; I'nnpjlrr In thr itt I AM II 11, iIh^ ^'i.nnni.ir ih'rs v^'mv^|mmhI In ,i l,inHna^:«' ni whu. h 
.'ifiihiinnf V < 'tn fp^rilvr-fl Ijv ImhI, nu' iifi*" f''krii ,if mi*^.! 

Within this niitJtinn. .\u mv.iI Ii-'H is alu .ly. MWt! tn siniouiut .1 irj^rrvrij wniit in (hr l;tn>^U,o*r , siu li 
wiMilHsifr tMiilffitMii ijppor 1 .r-.r Irflri^ iful .jfr iiifrf i. < p!f*<Njv j hi H (mIM -UjM*.' !tu al iUinr f ;HlH l hissihiHl as 
slfi^'i*' svM)hi.»K NrsiiVi'il iihI | un u h.i.if 1 i mi 1 « ."Hjni i.Ul \ MifiiHiiiilril by ,i Mnall pnmfrd hr>\ 

wliii h l>'{NMnii'd ID Mh' liiir, fjiitii | tt ni 1 1 h • ip lltiVS > \\ \\]r y] .\V\\]\\,\\ A\\A \\ \s a] li] \\]V,i\\]]]y 

to the sviiilMij ,' * A .ifhtK I !"! Mnpil.n 1h *x 1^ ii.rij tu iijni.nn fh*' n.mtr ol .mntlirr t Ij.jfi , w|lh thr 

. Mni»{u ;ithMi \h ,\\ sntMi^ . niiipllr 1 f > uif liit^ U fiM iitmVi'U i jMr 1 1 | n i njli^ t Uu' %(tMn nnpilrit t<V | hO wMUi' of 

the hn\ LJ IIh' hf!i"%'Allli if mvshr mK" unlh iti' llir iln^'MUHi ul pi nili n ! inil tjnSs i H f lu^ ^iidf f > jnlrLttr 
tlil^ fint.it^Mii tn .\ iiimr limiUji fnfiii f'Ui; *\.iniph', hijii^^ iihlis .iff r!puv;iir{il H.h kii - N.nn Infiii .nnl 
^V f i !.i ^ t h,u l r x.iMi plr » 

H;h kir* N.iiii I • Mill , ^ 

<tv^j1«ipt*c p^ir> It - <tyno'SDec> <rfecf n*i|r list* 

. < \ 0,.| i r >' H ^ 

- * il **r i ^p,ift^r> li < i 'in;i f 1 f 1 «u * «cafi*,t ant 4i iid r i ^n>' • . , 
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Equiviknt Syntax t;tiirt; 




Id 



conttani 
expr 



Hgure L EximpU Syntax Chvt. 

the fiill lyfifax. chart fur ('AMII,/(rfls heen reducrd to two papcs and thU reprasenti a Qonsldarably 
nujre ctjinp^t:! and tinderstandahle description thnn an equivalent reduction grammar. Since the subtlitiei 
of linfriaV '^crnantks are mure dilTigult tu pre.^ent in an urganized and pictorial matner tliaii languap 
«yntR>c, cJtafTH^lcs will he ihcluded In certain sections of this report to indicate howlafiguage itfuctureshave 
Heeri uied |o iin|>lei!ieMl hnilt in facilities^ many of which are'^^ually coded in C AMIL. 



» II. ( AMIl. I,AN^;UA(;r.()Vi:RV|i:VV 

^ ■ , ' ■ ■■ ' § 

* \ . • ' ^ - ' 

Mi*Ht l»h|Viage'^ rrijuirc tlmt ii |uupj;u!i he described syntactically such tliat key or reserved, words 
ir)dicMa thc riiyjof tilviiitin^ nf the pr(JKf;ini jittucture. 4n C'AMIL, a program is always entered, edited, and 
executed' x>n line. AlLprogranis arc stored in n direct accesa flic system with a set of directory elements 
dcjicrihin^^ the nHniolc.^ reprf^Vnting the ( AMIl. progfnm, Majnr sections of the program are repreiented by 
^epafuiQ (iircitnfy t hairi^. A pM>KrnMi <lirectnry untry used to lirjk to the sets of modules which coniprise 
the CAMtI/pro^fani;.alt tiire^tori^ cntrius are automatically ccealcd and deleted as the user adcb modules to 
Hf litleteis nHHliilc^ from ih(# pfnprnni. Any CAMIL program consists of one or more. of the following types 
of m(Mluic$> , ' ^ ' ' ■ ' 

SIIAK^I) dafii ...daf^r^hjViMrifi scope but addrc^^njilc by every executing copy of this program . 
PlUVATr datn ^iobJji) ins^cupe but n separalu alhi^ation h kept for each pccuting copy qf.this prop-am 
I1<(M J f)llKl S i^irsivcly'*allat)le siiluou 

Sl^f;MI-NTH section:^ nf cndi: vwlvich can he hrnncticd to/fforn any segment or^pr^edura and which 
ally-cnnsfiifuic major parUor section§,of th6 CAMIL program 
( AMIl luntains only three (iefi*rtiinnaU levets; urn level for predeclared, built-in data and sub-^ 
routine^, u j^lubal level of tlUia accessible (rom any scgnicm or procedure, and a local level of data within 
any prncoduro <if ^egmcni . C)nly nnc'segnicnt may be executing at any time, but there is no specific limit to 
the mjnil)cr prnt rtlnres whi,^h may be recursively activated at any time. W^ile this is more restricted than 
PASCAL, if ^gljslanliaiiy sniiplities many antlmr and user problems which might otherwise arise when 
asyiichrimon^jc^ilures of tlic l;mHuagt*are uscil. (These are expl^yried later.) - ^ 

SIIAK*'^) vi^uI |M<IVA I'b nKnluics nrc UHed only Jo conlain typb and stora^declarations and cannot 
he. exeijuted^ Lxce'utMMi lA it ( AMIL piograiu be^iiTr at the Hrst line of the first segment in the propam 
^lirrcioiy. aitur the last line ul a segment is executed, conlrul transfers to the first line ^the following 
HCKnu^U. the prn^inni eiuhi when it is specilkally exited by an exit function or when the;last line of the last 
se^nierit is execiiU^tf ( nntri»l nuiy also be transferred to any segment by a "GOTO" to the natne of the 
'clu^seri se^^ineitt. I 

PiuLicdurcs ar^ riot executed unless specif iciilly galfed and will return control to the statement fo!- 
b]w ui^^ dieir cull uolt-^s a '^CiO l O'' to some segitieni is executed within the procedure. An escape to any 
se^Minit results m an c^scnpe, from all pr(icedurcs currently activated and a return of all local storap 
allocaiod tui the cutrerufy active juocedures antl segment , TAMIL nllows the program author to also define 
iisynetuun«nisfy acUVc "function keys'' 1n the program whiclf Will transfer control at the user's iiiitiative to 
places ^icsijuuued by ihe autb(ji = riuis. while !hc execution secpience of a program is determined by strict 
fuU-s *M tbc lan^^ua^e, the actual patli taken through a proi^rant can be as flexible as the program authpr 
wislu's to alb^w. • " ' 



I 



> ■ 

CAMIL programs can coninuimcnte with c-iich otla-r ilito.ir.li sov.ta>i-nssihlc uK'-ms, I wn dilt.Moni' 
executions of the same program can trniisicr diita ^hnmy.h SllARI H d,it;i inoduk's .-i tlmui>.h tlio ( AMIl 
data base Which is a record .nientcvi. direct access file system, Seveial diitVrciit I'AMIl iM,H-,tams cati also 
communicate througl, another -type of SIIARID data nunlule called SN'Sfl Sf SlARl U which mu-.l be 
denned at the system level ;is part of a special CAMll. program o-niamiiie ilic shauul data nuulules^ Aiiv 
two authors can also communicate in real time lliioui'.h i din'ci iness.nv lacililv between lennmals, Other 
families 'allow a program author to execute a .jifu^iram m small steps, tntciaclivclv autopsv a pioj-rani on 
retiucst. monitor the display of a student wlitf is eK.»;cMtins' Ins pro|uam, and iiap eNcciition crrois, alone 
with the complete diita situation at the point of failnu'. 

' 111. C AMll l AN(;i!AnK!)!K( Kir!inN 

Program StnicyjUre 

CAMIL consists of two distinct but parts, the core lanuiuiuc aiul tlic c\ictisihlc laniuiaiv ■ I lie 

core lanpagc is gciierallv compiled directlv into inachiiic code wliicli iniplcinnus its nuMiunr^ ihc 
extensible prfft is niaiiily iinpleinented tluou^i builtMii ot user dclincd prtueduies, whicli supply scmaniics 
to sentences and ex^iuled Hperaturs. All syntax Is llxed. but svillun the exteuHibk' p.irt ot the hnuuKuv. it is 
rather Hcxihle. core lani^ua^c suppvuts basic tvpcs such as intcivr, niunber, .iMKictei. Ini-icab slnnr, 
aild textual displays, rroin these basic ivpes, jnoie complex fvpes. ixKs.bU coiiTainuh' multiple 
coniponcnts, may be tlcllned by the user. 

CAMIL makus ir distinctriMi betwoen INT! CLK, which mav be used a. numeiic or as bit mlonniitipn, 
and NUMBLR. svhich is assumed to be a real niimbei and suh|ect tti liie usual side-ellecls ot tiuiRuted 
precfcion machine arithmetic^ CAMIL is tolerant iirits coiivnsious between these ivpes jud also when i! 
compares internal numbers ti^ responses enteied by buimms. who are ^eneiallv ies:. piecise than IlihiiMU' 
pohit arithinetic units. (^AMIL snp|Huls a 252-cliaiacter set. \ ot whuh are pernuuientU Un^w^loix the 
lerminals and system line printer and 1 td Whidi c;m be ionted wiilun the inteiactive teimiiuils uuhm .m 
8 by 16 dot raster pattern as f^ie aiithor desires: Sinnp; are allowed ovei the tull ; SVchaiaciei set, and a 
speciai construct called a 'Svordstrin^V^ can be i wtrdinuMisitiual, allowm^^ u eomplele scieen ot data to be 
written with a single write sentence. 

CAMIL supports RbCORl) and AMRW stiuctuieil types and also allows the autboi iospecitv that 
they be PACKUD insotar as reasonable toi data space conseivat\on. Anrys aw nonnallv indexed bv 
INTIiCiUR expressions or user detlned lan^^es ot^ mnemonic values as in PASCAI . In CAMII Jiowevei , the 
CASL variant of PASCAL is generali/ecL any tield may be a variant tlebb and the case seleeioi tield is 
automatically set by- generated code whenever a lecuid is composed as a nmiti-eleinent expression, llns 
important distinction allows the compder to pass type data to the execiitiin^ CAMIL puHaam and sydl be 
explained in cimpinction with the sentence exieusibilif v teatiire whu'li it suiMnnts. I'nlike PASCAI^ 
CAMIL allows niulti^tlement literals to be composed, thus allowin.^ AURAV and RK't)Rl) expiessuMis 
rather than torcing the user to explicitly assi|m each tield ol a lecoid oi an aiiav. I Ins is pailicnlaily 
miportant when combined with other aspects sncli as OIMIONAI lields iii a lecouLit aUows a usei to 
define sentences uompletelv in (%\MIL uhich are substantially iiune complex than the tvincal lead in NUiie 
statement and which may be wriHen with an arbitrary nuntbei ol paiameteis and moditieis. ( AMIl also 
maintains definitional identity between composed expressions and the actual paiametei lists t^l pioceduies 
and also between procedures, tormal parameter lists/aiid lecoid detimtuiiis. Iliiis a pioeedme ean be 
considered as an operator delnied npon a lecord detinition, and a pioceduie call can be cousideied as a 
prellx operator acthiK'on a composed expiession. Intlx and piistttx opeiatois ate an iinmediale exteusuMi nl 
this idea which provides a uinlorm basis lor operator exteiisilulitv nnplemeniatum. 

CAMIL supports a diiecf access data base ihioui^b seveial snnple tile opeiatois All tiles aie shaHul 
uiiioni; all CAMIL piogiams ami may be opened Huniiltaneouslv by anv (^\Mli pui^Maiiis lUMmttted access 
by a nie security svsteiiL Pro^^rams a'le by name peiimtted to penoim spentic tile opeiaiions on desi^mated 



nie*. Operntion^ isupported all(>w ituiivuiual fecur^U ti^ he ftMil, wriittMi, deleted, or vifuhited, Records are 
;iutiM!Uitically reserved wfide bein« updnled to Asmd the problofn !»Mwo diilerciit executimis or prcigrann 
updating the same ru<=ord= 1 lies (nay be accessed bv itulex or seqiitMiiialiy ot by direct address. All liles are 
striJCturcd'as Hies ol %on\c speciluHl tvpe/lile idtMiiitiers can reter to'eiiber the current (Lita contained ir\ 
the central niernofv ("lie bnfiet or to the as^iCif^t^^d Hie seijiinice stored on the (hsk, ilepending upon 
whether the context m which the identiticr appears unplies a rcterence to data ur a file operatiun. Aaingle 
^tateincnt linnUir to the f*ASCAl WITH statement allows, a particular reciud to be reserved, readup, 
derelgfenced as in the PASt'A! wnH, updatcil, rewritten, and leleased. All file operatioit statements allow 
an l.l>i!{ claine which is processed instead (if the file operaiion in the event that the llic operation cannot 
he liiiecessliilly completeLl. Allhou^'h maxnnnin tile is specilied wheii a file is denned, the actual 

riumber ot records yi (he tile is ilvnamic and the piesence or al'sence ol a particular rect>rd can ^be 
deteriiiined. 

The famihar n^^rUhN ITS! siatenieni is snppoiied bv ('ANIll ^ and an additional statement is added 
lti-i|ipport xsyik hrtuious witerrnpiinfi oi (he uoimal [uopiam lh)W by the user it prograniined by tlie 
auilun. The author can usft II sialemenis to |iriw]de an riss lu hrorions transh^r of control to the "IX)'' 
siatement tn the event that the usei pies^^es ime of the hinctiiMi keys listed^in the 'Tl'" clause. 'Hiis teature 
allows the authoi [i^ mAe a y\eM numlHM mi ijpiunis available to a user witlunit having to check explieitly 
tor tliem at anv dine ( ertjiii ''lUMlt ur' ( ondithifis fna\ alsi? he handled usin^ tins feature, sucli as Hie 
errors, svstem lefinnLUioii hv the iipehtiiu. and puHessme einns. 

Ihe SVITH statement hom rAS( Al. is nnplenienletl. as is tlie ubii)uitous dOTO statement. A t^orm of 
the (lOlO staiemeni is pri^uded uhich conibmes the i tOU) and ( ASb stateninit timctions. in tins (iOlO 
( ASI tnniK ifie selector espfession iMnsleis omUioI !o a selected ia^>Td statement, hut bianch instructmns 
are not ^'eiierafed al the eoil ot e>u;!i case I his (rsulis iii a behavioi siinihu to the computed (iOlO 
si.itenienf while retamine the -^tfih Imal toini ot the i'ASi slateiimit and achieves the semantic efficiency 
svhich m certain siiiiaih'ns ^e coiii[nued (.OK) pio\ided CAMll also extends the (^ASl statement tii 
include an I I Si Llause s^huli jIIos^s a elosme to the set ot |TCKsihle values of (he selector. The tarniliar ' 
lOH. KI IM AT. and SVIlII I ^latemenuot PASt Al ,ue coinlniied intin!,s[ii^hMieiative statenient allosving 
optional selet lion ol ans oi all ot the above possitnlit les and also the \\\ mcrenient , somelum' U^sl in the 
ttansifKni trnin Al tjOl to I'ASt AL' An iteiative rase like siatement, called tlie JUlXib statement, is 
alltnved and provujes tor the cnlleclioii ot hn input iroiu the usei. ihe compaiison ol that ininit with 
piissible iiiafcinn)' anticipatetl anssuMs, esecution <d a conscipient in the event of a niatch. oi execution of 
an o|)ihHLi] 11 SI closme condition il no match is touiuh loliowed by resolicitiition ot the response wlien 
nn niatch is (iMmd M.niv lhltc^enI j^ossibihties o! action aie easily specified by the author *iiie to llu* 
llexihdity id tlu' resp^mse acce|iting sentence. Ihe lUUdl siatenieni is hi^dy us^ible in maily situations iri 
winch lesponses aie sulu ited tioin student nseis and was deiived tiom the 111 I'OK lan^ua^e (Reference 3). 
Ihe Kl 11 'UN sljtement has also letuincil and piovi-les a needeil alternative to the laTels which iUherwise 
ciiip up on (he la>t sljtcnuMit ol a pioccdme m (fiose cincs svbeie sfiuctiifed pro)*iamnunf\ does n(U (juite 
sut tii t* to espiess an ^ib'oi il liin. ' 

An im|Huiant tcatme n\ the I'AMll desi^'u is based upon a tspe ot ('AMI! statement called a 
sentence. Ihe ssntax ttn the senleuie is built tm seveial |Mits of speech ciunuionh used in smij^e l iiglish 
impeiaiive sentences. Ihe svnias allo^ss the autlioi to lean. met' the [>ai ts of a seiitenee in a iiianner which 
makes seinantic sense m I n^'llsh In ihis toiinat, veibs. uUi piepositttuis, and ob|ecls (ex [^i essitiris) can 
be letOnin^'ed m the inaamei most convenienf ti^ the - i; lont aflectinp the iiie.minj' o\ the seritence- 
Ihiis a senttMu e such as 

•writ© K on I in** lQ,cof S for ^ noc* 

would execute exactly the same it it Utae \Hit(en 

•for b sec writ** x on line 10, col ^" 
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just AS It wiiuKI luivv t\w sainu jpfMicnl nu^iiiiiUMn j liniiKiii Mbscivci ic;i<iiin: f^''tii tonus. The user caiiiuld 
new verbs, iulvi'rf^s, piepositious, ami :ilso Mperatois. sUiieh lunauMi as ad)ec!ives lu apiH'ucuiee, by :uldnn; 
priKCiliiios \vhieh nuplciuont the nieauiue nt tlu^se uords and d-tiue aeeepfa|)le eniubinat khis ot veibs aud 
prepositional pliiases. hi tlie rAMll unplenientat lou. teiniiuai hard^^ate depeudein ,I/()ms [>redetiued 
within tins laeiht> duruu' eoinpdef nut lali/.ition . tlius leinmini' WC) troin the eor hunUKUie and pmyidiug 
hi^ily ff^idabh' bO stat^Mnents It is UnpcA lliat rlus is[)e ol tacditv niav otter a woi kable solution to the 
pnd^lein ot' authoring* jcavlable pioeijtns in buuuiaues s^buli must be taiiorcd to meet the, needs pt particular 
eiiuipfueni. 

rioredines and tuikiious n^iv also l^e ealkHl usiiu- eoiiveiKional paiainetei listsn Ho lestUetions are 
plaeediHi the si/e ot tlie ohjeels letmued i)V tunetuuis m oidei to alluu suppoft ot aihitraiv user detlned 
ispes as luiktiou results. Operatius detiiied bv (he usei aie tieated asjnuetions ot one ( pretU , post tlx) or 
tsvo (uilK) op,aa[uls ami piovlu.e a value usai^le m anv eont.ext m whieli a eoni|nHable expfessiou is 
allowed. The exeeutum of a si.uiteiue is^an aeiivjluuind the pioeeduie ol detinition tor the verb ot the 
sfuteiwe and executes as ettuientK a>i aii'S normal luocedtue. 

The opei.nion ot assiemueiit is lullv unpleniented sinee it has brew extended !o indude literuU ot unv 
tspo Addinon.dlv, the user mav explieitU '-elieat"^ between si/e eompatihle types by ^^caslin^" an 
exptessn^i as .im^thei tspe I his nsualh mjelime dependent, sonietnui^ leM^eMahly (leeessaiy operation, 
eau thus tie deaiK indiLai^d m the ( \M11 [Uo^aam and impleuiented with muniiial oveihead. The resuKiiui 
^'xpic-sMoti po.u.les esplkii uotke ot ul.al nuisl be leexaiumeil it the [)n)efain is moved to a ditterent 
t AMll nn p'lenuutat inn 

Ibe notion a NAMl a. an at liibutu ot variable oi leeofd Held allowsa uiuto! in t reat ment ot this 
Liukept uithm the laueuai^- \ NAMl field uitbui a reeoid m paiametei list is eoULeinnally uhMilie^d ti> a 
NAM! vjiialMe .m a uormal data area 1 he nonnal assmunient opeial^n is iUade iranrMirent when NAMb 
uientihei. aie used, muo' ihe a.sumpikm is alwav. made that the ieleieiil ot an ideii - m is always intended 
uhen\m identitiei is usi'd, unless oiheiwise speeitied rhus uarues need not be deri'teieueed explieitly as in 
PASCAl = An additk>nal artnw i.ptaatoi is impleiiientecl witli the uiuii^ing " x ^y; make x pi)inl to 

what \ IS poiiitnu' to" In this maiiikM. a NAMl paiameter tii a pUHednre is treated exactly as a NAMb 
I'lobal vaiiable oi as a NAMl tield withm a leemd Stoiavie mav be dynamieallv alloeateil within a pro|uain 
exeeiilion fhioih^h the ust' ot a MAKl opeiator wlueh alloeates ilata in an aiea with a litetime 
eoi lespiindine to tlie htetmie ol the ptuutei ssWh whieh i! is altiliaied. 

(\ANill uupleiuents ^ompili' tune u^sohiiiuii eoiistaiit expressunis wlueli redmes the si/e ot 
puHa.uii eode and alh^ws eomputatious to be iiitiodneed into amstani niitiali/aiioiis. rhis has hidden 
benelils tn iliat eoiistants sueh as "VV I IDtS niay be staled aeeuialelv at eom|Hle time yet appear 
in taimliai notation to the usei It also allows PACKM) eonstant composed exiucssums used tor imtiali/rk 
lions lo be packed at compile tuikv thus av(udiiui peneiatioii id ilie Ciules iiecessaiv to do this wlucli aie 
usuallv lan^ii than the lesultme ex[Mession Ihe iollowmr opeiatius are available in ^•eneial between the 
nuliead'd tN pes ot opiUands 

AiitlmuMk Additioik sul>lia, lioiK leal divisimk iiiterei divisitm. inlepei UMiiaiiuler, exponentiatioik and 
ueeatHUk these ate detnied briuoen INIKT K and NUMHI R opi;iajids and leturmni^ 
INI I tpl U and NliMlil K irsults \ 

1 inacal I'mon, mteiseetkuk ditteience, ssoid shitts m the lelt and ii|ilit duecium with /eio pail and 

^ (Mkl aiouikl ^aiiv tonus, and bitwise e<miplement (d wiuds, these aie detiiied between 

INl l td US and pioduce an IN 11 td K M'sult. 

%ci \ anon. inteisi'ctkHi, ditleuMue. and rtmipleiiient , these aie detnied luMween eompatible sets. 

Slimr ( one.ilrnation and inlix seaicli between SIKINC; opeiamls ami between STKINC; and 

( IIAK i)pia.mds 

Ki^lation.il I Mnalitv and meiiuahiv luMweeu eompalible (vpes and lelalkmal opeiatois belweeii iKiiis^ot 
most IS pes .md set membeiship rointei ulentilv between NAMb opeiamls, as well as i 
r-ipiatits bet s\ een t Ikai leteuails 
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Conversions: Upon assipiment between all reasonable cornbinatio^ns of basic types, 

User defined; Any operaturs definable between any kind of operands if the relationship is definable using ^ 
the above operators upon the coinjxinents of the user defined types. 

Dato Declarations 



All data accessed in CAMIL nuist be named and typed. Tliese declarations fall into four basic classes: 
TYPI:, CONSTANT. VARIABLE, and NAMli. . ' 

A TYPH tleclaration is merely a convenient way of associaUng a complicated data description with an 
identifier so tliat" the identifier may be suhstitiited for the niore complica'ted dennition without typo- 
graphical error, Uither a TYPli idcntitler^or an explicit data description may be used whenever a ''typespec" 
is indicated by the CAMIL gramniar. A typespcc must be associated with any daip used by the prograni, 
and the compijer will check to liisurc that only semaniically meaningtul operations are attenipted between 
data items acturding to their type. 

A CONSTANT declaration associates an identifier with a typespec and with an initialed, unchanging 
value. Constant identifiers niuy be used anywhere in place of the value with which they arc associated, but 
tlieir value cannot he chan^*d during the execution of the program, Their permanent, unchanging value 
must be stated in their decluratiim. 

A VARIABLL dechiratitni also associates an identifier with a typespec and a storage allocation whij^h 
can contain ah iibjeci of the indicated type. An initial value nuiy be indicated for the variable as part of the 
declaration. Tlie time of allocation of the storage is the tirne at which the variable is initialized, thus the 
following initialization times hold- tor the indicated class of variables: 

SIlARIT) When the firs! program referring to the shared module is loaded 

PRIVATL Lacli time a new user begins Hi execute tlie program (evon though sonieone else may already 
be executing the sLune program) 

PROCLDUKL At each activation t)f the procedure 

SL(;MLNT Wlieiiever the segment is activated . ^ ' = 

If lio initial value is specificti lor a variable, the associated storage will be cleared (zeroed) at the time 
of activation. 

A NAML declaration associates an identiner with a typespec and a pointer which can only point to an 
(^b)cct of the indicated type. An occiirrence of a name variable in any context causes the name to be 
doreferencod to the corresponding t)hject. Storage is allocated lor the pointer when a declaration is 
encountered, hut niM (or an iih)ect of the indicated type (these are created dynamically) and no initiiil 
values arc allowed lor names. Name variables are initiali/ed to NIL references at the times indicated ahovi^ 
for variables. 

F)eclaration syntax is independent of the type of niodule iii which the declaration occurs and is 
indicated in the CAMIL syntax diagrams included in the Appendix. The following exanijiles were excerpted 
troni the CAMIL program, editor and are offered without semantic explanation at this time as samples of 
data ileclarations, 

Lxamples; 
CONSTANT 

ARRAY lOflOJ OF STKINGtlil modtyoBH 

(•comment-.*, 'Shar*-d Data S 'Pri v ate Dat a S -proc e dures " * 
•SeqmentsS • Job CardsS'Main a » ocK • t • Input DataS 
' TeKt S * Macros • f * Fjnc tl 0 ns •) t 



TYPE b . 

Otmaxmads MOORANGEr ^ , 

0163 IDCHARSI 
OtaflS-l DISKAOaREBS? 

0ratl6*l ADDRRANGEI ' ' 

PACKED ARRAyClOl OF IDCHARS PACKEDNAMEI^ . 
PACKED RgCORO _J ' 

9EG1N 

PACKEONAME moiul enamel 

DISKAODRESS srcfbbjtlv/; . * 

H.ODRANGE headlngendl 

JULlANTyPE uodtdatel , 
1IZ^»0 etllnynfiberl 

AODRRANGE srcsi zet abjiize,ivii zet bast addr , own addr ^ 
END MORECOROI \ 

VARIABLE 



gr i d_st ar ti-1 f gr 1 d^spacl ng«-5f nbr^gr 1 d^ I Ines? 
LOGICH 

insar t f recompl I e f - 
PACKED ARRAYC321 OF 0 133 screen I i ne I » 3 t 3 » 5 t 27» 0) I 



Langimge Tokens 

The tokens from which a program can be composed fall into traditional categories. Those basic 
elements are: reserved words, Identiners, literals, and punctuation. 
Reserved Hbrds 

The following list of upper case spelled reserved identifiers are identified by the CAMIL compiler as 
built-in delimiter tokens In the language. They cannot be redefined by the author, thus they will always 
have the same meaning in any CAMIL program. The role of these words is to clariry the structure of the 
program to the compiler and to the original and subsequent authoirs of the program. The list is presented at 
this time for reference. Ttie words are reserved in UPPER CASE only, but sdme^bf them also appear in the 
language as predeflnet! identifiers in lower case. 



INTEGER 



NANE 

MORECORO current^modul e^dlrectory 1 



Data Definitions 



TO 

OWN 

FROM 

NAME 

BEGIN 

JUDGE 



RETURN 
OPTIONAL 



IF 



DO 

END 

THEN 

WITH 

VERB 

Array 

REPEAT 




OF 

FOR 

ELSE 

GOTO 

PREP 

WHILE 



PACKED 
VARIABLE 



BY 

SET 

CASE 

TYPE 

FILE 

UNTIL 

RECORD 

CONSTANT 



!3 



0 



^ Identiflers 

An identifier is defined as a group of upper or lower case lettep, dipts, or underscQres. The first 
character must be an upper or lower case lettet. The^ compiler only attaches significance to the first 10 of 
these characters and ipiores any additional ones. An identifier must appear on a single line, i.e., an end of ' . 
line sipals an end o£ identifier to the compiler. Identifiers are used to name data items, module^, anji- 
locations (labels) within 'modules, , . ' 

Punctmtion ^ ^ % ^ 

Punctuations are used in CAMIL as separators for the purpose of propam clarity and as operators or 
grouping symbols. The following general uses are descrited for pu^ti^tions: 

C> Bracks anclos'ing commerifs Ignored by compiltr 

C) ^ Parentheia'S used to group tJements ,Df expressions 

II Squl^e bracKats ustd to enclose Inda^ t^orassions- 

and 1 1 tera I se ts 
%^ . Semicolon uiad to saparate itatemenfi 

I . Colon used to visuaMy separate Itefis such as 

iaotis and St a f emeri tSf or to denote an ootional 
data Item in certain sentences 
Shorthand 'Versions of the reserved words 

•BdGiN' and •£N0'. These charicters disofay.. 
' on the terminal scr^een as corners ^ and l 
and are automatically connected tsy the program 
editor witi a vertical line wihich serves to 
emphasize the nesting structure of the program 
while encouraging neatly paired indentation 
^ Assignment operators 

Logical operators 
#*ii/^t // Math operators 
Set operators 
%\ St ri ng operators 

" Quotes used to delimit screen massages 

• • Quotes used fo delimit character strinqs 
^ Operator used to denote reference to 

f ie I ds of records 
ff Synonymous with the constant 3 . 1 i*159265^. 

• An operator used in multivalued exoresslons to 

denote that a particular value is to be 
repeated within the ejcDression 

• Oecimal point used'in expression of decimal 

fraction 

ft used to identify a hexadecimal constant 

a used to identify an octal constant 

Several other pieces of punctuation commonly 
j used in Englishf but not assigned any soecial 

syntactic meaning in the CAMIL language 

Detailed uses of punctuations are shown in the CAMIL syntax charts incKided in the appendix. 
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Lmrals ""^^ 
' The'CAMIL language provides for the representation ofUterals, i.^. self^denAlng^onstaiits of aU basic ^ 
data types supported by the language. The types and forraats of these items ar|; ^ \> 

LOGlCAul TRUE FALSE ^ 1 

INTiGt^i ^ddddddd Cdlgits Ott9> • 

adddddddd Coctal digits OttFJ 

#ddddddddd ChtKadacifna I digiti ^ • •9t A. ♦F> 

NUMBERt .dddddddd r ^ 

ddd.dddddd Cdigits 0.*^ majc of tO lig digits> 

. ddddddd, | 
CHARt Ca Si fig I e iha^ac ter in quotas! 

STRING! *cccccccc' €0 to 120 characters in puDtes) 

POlNTERI NIL Cmeans an undefined rtfereltji^ ^ 

' WORpSTRINGSi - . ^ > 

"The rain In Spain falls 4 
^ main I y on tile 

plain" jused t.p display data on termln,ai> 

The above .constants are limited in accuracy cojfesponding to the accuracy of the ais coinpuier oy 
the following rules' 

L No integer may be defmed with a precision of information denoting more than 60 bits of binary data. 
The compiler Umits octal constants to 20 dipts and riglit justifies fewer than 20 digits in a field of 
zeroes. The compiler limits hex constants to 15 digits and ri^it justifies fewer than 1 5 digits in a field 
of zeroes. The compiler limits decimal integeryo the largest value which will fit within 45 bits of 
information since this is the precisioji of the AIS computer multiplier; the value of this largest integer 
is2t45-L 

2. ' No number may be defined with more than 10 digits of decimal precision. While this is leis than the 

AIS computer provides, it is consistent with the accuracy obtainable after repeated aHthmetic 
operations of functions. No number expression may appear as'a constant or be computed to exceed 
approximately lOt 295 /Numbers may be expressed in scientific notation as constant^ expressions in 
the formats used to describe expressions as explained in later sections^e.g^ 254xl0t 15. 

3, Wordstrinp are two-dimensional chunks of character information used to place information on the % 
display screen of an AIS terminal. Any characters except the double quote " may be used in the 
wordstring. If a wordstring is broken across more than one line, the first word of the next line will be 
left justified against the left marpn in effect for the terminal when the message is written (leading 

' blanks are ignored tti lines of a wordstring). There is no specific limit to the size of a wordstring. , 

CAMIL Supports data types of the above literals through operators and throu^ fadlilies for 
compounding the above types into aggregates or indexable groups. On simple scalar types it also allows the 
limitation of attention to subranges of these types. The operations between these types will be explained in 
the section on expressions; the grouping mcTchaftisms will now be'explpined. 

Record Grouping 

CAMIL alloivs certain values to be grouped together and optionally compressed for minimum storage 
utilization. This grouping of heterogeneous item types is called a record or packed record. The definition of 
a record must inlcude names for all of the fields within the record and indicate die type of each field. 
Vacations withJn a portion of a record are allowed when the contents of the record might be used to 
represent more than on/kind of thing through a type of field called a variant. A variant. selector field is 
associated with a variant field to desipate which alternative is in effect at any time. The record definition is 
often associated with a type identifier in a type declaration to avoid the possibihty of erroneously repeating 
the definition and to save space within compiler tabler, The syntax chart is shown in the appendix, but an 
example is included here to clarify the intent of the record declaration. 
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Example: • 

PACK&D RfCQRD ^ v ^ 

SEjSIN _ \ 

^01999999999 ssani ^ 

0 19999 sQUadron^numbfe,* f stud an t^dom t st uden t^rDorn I 
tABfAlC,^^2Cf SSGTf TSGTfHSGTl itudent^ranKf 

CMaUEf FEHALE3 stydent_^st5Cl 
^ ^ 'CASE LOGICAL tra'nsient ' 
ere IN ^ 
TRUEi^fl«99i nesct^basal OAT£_TYPE du t^proc tss_d ar I 
FALSE I ''STRINGC30I perm anen t^of^ganl latl on^ I 
END? ^ ^ ' ^ . \ 

^ ^ END STUOENT^RECORO / . > ' 

■■ ) " ' 

^frs>^ Grouping . ^ > 

CAMIL also allows homogeneous types of data to be grouped into an indexable array structure. The 
array mav also be compre^ed for riiiniiriuiTi storage utilisation by including the.word PACKpD'in the array 
definition. An array derinjtion must include the range of inddxes dlowed for each dimension of the array 
and must also desipiate the type of elements which are being pouped together. The range is denoted by ' 
including a subrange of the Indexing type in the definition or by denoting the largest index and allowing the 
compiler to generate a default minimum index of "1". Syntax for the definition is included in the 
appendiK, and several examples are included below: 

Examples: ^ .J 
ARRAytlOl OF aNT^GERI 

PACKED ARRAYClOtaQ] oF NUMBER? '* 
PACKED 'ARRAYCll tOf 1115* 11201 OF LOGIJALI 
PACKED ARP4f I 1510F . ^ 

PACXED ARRAYED J OF . 
K PACK^C RECORC ^INTEGER i,i,H| 4UKBIR | 

FileXlrouping ^ 

A fill may be declared in a CAMIL propam in order to gain access to data in the CASAl data base. 
The purpose of the file definition is to associate some specific data file by name with a variable in the 
program which is capable of holding an element of the file. The file identifier thus defined is regarded by 
CAMIL as both the name of the variable and the name used to refer to the database fde during some rile 
operation. The rile declaration n^u^t nam^ the data base file, the type of item which the program considers 
to be in the file, and th§ program name of the variable which contains a record from the file. References to 
the data contained within the file variablie are obtained by simply mentioning the name of the file variable 
as explained in the description of the file statement. The syntax for. the file definition is included in the 
appendix but an example is indicated below. 

Example! % 
FILE •Studintdata' OF STuD£NT_R£CORD 

Expressions " ^ 

The CAMIL expression mechanism provides for all of the normal types of expressions and operators 
found in most Wgh-level lanpages, such as PASCAL, but alscj provides many extended features which other 
"languages do not have. Sonl| of the extended features include special set operators^ multi-element 
expressions (composed expressions), a typo casUng mechanism, and user defined operators. 
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The lowest level of precedence encompasses the relational operators 
"s'^, The nfeaninp of the first six operiitors are similar to other programming languages. The "s" 
operator is used in two different svays withipXAMIL. The most conimon use is to detemiirle whether two 
pointers have the same referent (i,e,, the addre^es denoted by the pointere are equaljt. TTie other use,.while 
similar in appearance, is to determine whether an optional record neld or procedure parameter is present in 
a record or procedure calL This is tested by comparing the name of the paraTfieter to a NIL pointer. The 
form of this test is *'parmname ^ NIL" arid it returns a true value when the paramet^ does not cKist. T)i<e 
"e" operator is the^edntaincd in'' operator used to test set nienibership, Tfie test '*5 e s" would be true if 5 
is a member of the k t s. 

The 'next highest precedence level contains the and pre fix pperators and also the '*^'V 
''v'\ "^^'V "-^t'V ^^t^" ipnx operators. The ^^+'^n^ will not be discussed, 

jir^ their meaning should be clear. The operator is the lupcal "or'' operator. This nperalor has two 
logical operands and returns a lopcal result, which is tlie inclusive-or c^f the operands. Tlie ''u" operator is 
the set union operator. Tliis operator cuniputes the union of two get Operands. The exclusive^jr uperator 
'^'O^''] is also a set operator 'which computes the logical difrcrence of two operands. The operators 

"-*-t" -'t*-'' are used, to shift integer operands. The and"~*^" operators are left and right end 
off shifts, respectively, with zero padding. Tlie ''-+t" is .a right circular shift , 'and ^'t-*-" is a left circular 
shift,. The **ir' the string cnncatenatioh operator. This qperator nierges two string operands producing a 
single string as a result. * 

At the next precedence level, the "x", "/'V "A'\ 'n'', *7)j"' opera t/ors are found. Tlie "x'' and 'V" 
■ aire the nornial multiply and divide operators, and 'V/" are integer divide and remainder operators. The 
lopcal "and" operator is '"A", and ''n" is the set intersection operator. 

The next precedence level contains the ''t" operator and user denned postfix and inllx operators. 
The operator is the power operator, wliicli can have integer or nuniber operands. To express 2 to tlie 
U'^' power **2 t n" won Id be used. Tlie user defined postHx and in tlx operators wtiich are relerenced by an 
identitler are also found at this precedence levcL An example of this type of operator is the postfix "sec" 
operator, whicli looks hke "5 sec" wheii used, ^ 

The highest precedence level includes the operators "i^' and ''N" and alku parenthesized expressions, 
cast expressions, user dermed pre tlx operators, and composed expressions^ The "--i* operator is the lo^cal 
''not" operator, and "N" is tlie set complement operator. Parenthesized expressions have the standard 
meaning that the expression inside tlie parenthesis is evaluated prior to using the entire parenthesized 
expressitm as a result. Cast expressions ^dlow une type of expression to be considered (or cast) as another 
^ype of expression by placing a *'type id in front of it, Tliis is a very useful feature to have in atyped^ 
language such as CAMIL because there mq nuiny times it is ilesirable to override the typing conventions of 
the language (especially in systeni programs), A siniple exuniple (assume c to be of type character) 
''lNTt:GER : c" allows the internal value ol c to be used as an integer. Records and arrays can also be type 
ciist, allowing niLilti-access methods to the same storage area. Ll^er defiried prefix operators whieh are 
recognized by i dent i hers, such as "line" and "col", are also at this precedence level. 

Composed expressions are alsc^ at the higliest precedence level. When a eomix)s,ed expressism is 
encountered, the coniposing rnutine is passed the type csftlie object to he composed so that each clement 
in the expression list can be added [o the stack in tlie proper location. The resulting inulti=elenient item in 
the stacl^can then be used as the tjb ject of a verb, the paraineter of a procedure call, as a vdue to store into 
some variable, or as some value whicii is part of another- coiiipc^sed expression. Because the type of the 
object being composed is knuvvn,^nll syntactic and semantic error checking occurs as the expression is 
scannecK Tlie fcMlowing is an exaiiiple of a simple cumposed expression which assigns a value, to the write 
ciusor AT, which is a recorti with twt^ integer fields v'AT "^^(5,8);'\ Values can be repeated in a coni|X)scd 
expression by using the repeat operator. This is especially useful when iiiitializing an array and many of 
the elements are to l^ive the sarne values, l^or exaniple, if a is a lO^deineiit array of integers, the following 
will initiali^.e the first elcmeiit io I, the secoiu] elemeiit to 5, the last element to 84, and the rest of the 
elements to IS^a^d, 5, 7*15, H4)f\ 
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fhe extensible iuulures of the C^MIL language allow u usej to declare prerix< infix, and postfix- 
operators There are two methods available to the user for declaring operators. One^methodis to declare an 
■ operator which is to be identified in the program by an identifier (the "line", "col;', and "sec" operators 
are doHned in this way). When an operator is declared in this manner, the operator takes on a precedence 
depending on whether it is a prefix, postfix, or infix operator. Tlie prcj"i|opcrators "line" and "col" arc in 
the highest precedence level while "see", a postfix operator, is u^ the nelW^ecedcnce level. The other type 
of operator declaration is one in which an existiiiB operator. is extended to new operand typos. Tlie user 
extended operator acquires the precedence of the operator symbol it is extending. A familiar examine is the 
extension, of the common arithmetic operators to include complex operand types. The, "+" operator will be 
extcndcd'in the following example. The derinition of the type COMPLEX is: 

RECORD 

aEGIN ■ • \ • 

NUMBER rta I f imaq Inarv 

' ' END 

COMPLdX; 

Tlie ToUowing is a procedure heading which dermcs addition (using the^+ symbol) of two complex numbers; 
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ABsunHng ihc naiiic of the iiiodule is plus, the prucedurc body tur the ubov€ procedure heading is: 

L 

Dlus^imaqinary h a, imaginary^ b^imaglnary? 

end; 

Wienever two eoniplcx luniibers are to be adiled'in tiie progrniiu the t operator will invoke the 
denning operator procedure. If iub,c are nil declared as complex nunibcr^, then the statement "e - a + (b + 
) + b^^ would be possible. An entire set of such opernlors can be defined over emnplcx nuinber|and stored 
in a library, wiiich a user could retercncc whenever he wished to perlorm computations usifii^ complex 
numbers. A new number system coiild also easily be implemented by extending eKisting operators to 
operands in the new systeuh The estenMbility which CAMIL offers is quite adequate for many difierent 
ami interesting applications. 

Constant 'expref^sious. inchiihug packed cofiiposed expressions, areevaluutcd at compile time and the 
resulting values arc sjbred in the prograuK Tlie use of constant expressions reduces the program object size 
because the expression is noi computed at run tune. This feature also allows the prograiiimer to change 
storage allocations throughout a program by changing a lew simple constant^i used it other constant 
expressions. Tins enhances the nuimtamabnity of programs by allovving objects, such as tables, arrays, and 
lists to be rapidly and uniformly niodilled thri)Ughout a progranu / , 

Execufuble Statenienk 



C^AMIL provider a large group o! pernuinently defined statement types tbr the construction of 
algorithms. Mmt of these statements are defined with reserved words as delimiters and several include one 
or more other imbedded slatei^ienls. Maijy alsu represent verbatim equivalents of standard statements trom 
ALOOL and PASCHAL., as would be exikrteil. Several othera represent generaUty extensions of existing 
types of statenients, ami several are soniesviiat new as hir as we kpow. 

Old Favorites 

Ontipowul Statvnivnt .u 
■ CAMIL provides for the i^rouping of soverui statements to^produce one single apparent statement 
through the famUiar BbCiiN.bNl) pait ot deliiniters. It also pnwides single character equivalents ol these 
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througJi two characters md Tliesc often reduce progrmn text si/c inuking it inissible to place 
mofd program on a dispby screen by allowing several statenients to be placed on a single line, CAMIL also 
Irequently uses BEGIN KNp pairs iis grouping elcnicnts in datu declarations and in CASH and JUDGl! 
statenients. All BEGIN END pairs are rully matched, unlike in PASCAL where END soniciinieK ap|)eutH 
without a corresponding BEGIN. 

iMht'kd StatL-fnunt 

CAMIL allows idcntitlcr hibels to precede statements tor purposes of branching the statcinciu with 
a GOTO staterncMit. Labels need not be declared aiul luay be lorvvard refereiued within a inodiile. Ihe 
scope of definitiun of a label is the module in wliich it up[)ears. The natnc o( any seginont type mmlule is 
also considered to be a label to which control inay be iransterrcd by a GOTO statement = 

RETURN Statement 

A RUTtJRN statenient. incaiiingful otdy in a prticedure type inodulci is provided ami is ecjuivalent to 
a GOTO to u labcrtollnwing the last executable statement in the mutlule. 

!f^-TIU<N^l\LSE Slatemcnt # 

A traditional branching statement is providetl svith the usual nieaning cif exucuting the siaiemcnt 
foHowing Tlll-N, if the expression folluwiug IE is evaluated true, ami executing the statement follnwing 
El^E (if present ) if the exprcssum ff^niHvTrig lb is lalsc. , 

GOTO Siatmi^mt 

Tlie faniiliur but wisely avoided GOTO statement is also provided lor uj^e in cscajiing to segment type 
niodules or tor transterring to local labels within a modtde. Iranster is allowed to ;iny [nnnl widiin a 
niodule which can be^alHdcd. so tlie GOTO may lully ex pi en ted aiui alnised. 

WrjH Stittcmcnf 

The PASGAl . WMTI I statenient has also lieeii implemented tn alUns incnl derelerenciug ed rcciutl 
names. The clluct is to inakc any neld ot the dereferenced record usanle as a simple identifier within the 
statement to which the Wi ril pretlx is attacluni, Ui^t as in^PASCAL, A variation whicli allows a tile record 
to be read up, ilcrulcreneed, uptlated, aiul [ei>lacetl is also implemented and exjMained in a later section. 

The t>ilier statenients in ('AMI! have either been tleveU)ped or originated, and they will be explained 
niiuc fully in tlie following, set tions, 

Modified or Improved Statenient Vonns 

A mKntnefit Stilt v men f 

rhe assignnieiU statenient is present m its fanuhar torm lor lett assignment. Goinpared tt) PASC A! , 
tiiis statement \\*\^ been extended by extending the types'^! expressions which are allowed in the language. 
Since (*AMIL allows the user to structure luulti-elemem dara types thrcnigh ARRAY and RPGORD 
dcclaratitins, it also allows the user to C(>inpose expressions t(U this type ol t^perand, Fhe resulting 
"cofupused exiiression" can lie assigned as a value to a variable ot the recoid tn a nay Ispe, I xamples would 
bo: 

PACKED ARRAYt >t 10 lOF INTLGER i' 

l*-(3f 19» 5f 27, M6, 9, lt!l. .^*22M 

RECORD 
BEGIN 

INTEGtR H% ' 

NUMBER ^ini 

CHAR c ? f 
END ^ec 1 



value ot'tithcr jHiinters. Tik fiurfiial {niMiun^i ol let! jssi|inincnt ni CASill is '\'opy the stof.yio assOi'iatiHl 
with the right upcrund iiit^ \hc ^Umfx asscKMnttHl with \]\c lolf opofaturv Nnriiuil vaniibks will have thnr 
address assi^ricd at coiiiptW time miicI the lUMnpilci will v-ciierjii; ^hh!c to . npy the re(juirea ai^tourtt mI ^ 
storai^c using tlicsc knovvn *jddrcssos. li I'ltlier nr lioth of liic v.iriables^c NAMH ts'i^e varubles, ttfo nddre^s 
of the storage lo he copied will be taken from the |>*Mnier whose at^ltess is ^own jt'coniple time, llius 
norinal left assij-minenr always nividves the RHhlJU N 1 i he niehcated ulenlitiei ur e\pressHin. Ihc 
address held by a pointer niay he coi^ied into a Liiinpatible pointer bOusine a n^^ht anow " i:»pe!a|n 
with the dissociated Mieaiiini^ "niake s point to the same address in storji-e that y is ponitii!)i to Sinee 
attribute of hcinj: a NAMI-. beh^i^ts to aii identilier ratliei Tlian to a type as m PASC AI . pniniets always* 
dcrcteirnce to thiiip^ rather than to other iHnnters; thus the upanow iiseil \\\ l-ASCAl to deiuiie whetiief a 
p(Miiter is Ivin^ ddefereiicud iS riot needed. Hie nicest pait cd tins delinition is that it Miakesjlie nieaiuiuv 
of the left assign Ti/-nt undV^nn aerttss eonstants, vaiiables, aiul nanies \s!iile still allownu* pivinter^ to he iiseil 
in the more uni^iud ea^es in wfiieh thev iniist l^e dealt with as addf esses to be copied ^Ve leel'iliat the 
resulting syntax tsnuiro concise than ^\tc s^iKmn m PASC'Al , as is shosui m [he toUowing e xatnple f 

PI^SCAL I 
Pointar c oPy t x v 

CAHILI 

Value copy? ^ ^ ^ ^ 

^ Pointsr copy! % * ^ * ^ 

Vhc e(K iipjris' Ml nt'CiMnes in"re Mrnilieant a . (he ^'xpies aon l^eeornL^ nioie eoni plieate ' , as in tlu' 
toHowini^ tnnr st pointer det ereiu e-. u here the pouuers aie lields within records ^ 

PASCAL! j t » 1 ci r y t>«*f . f t f i cif * I dr yoif t ^ s I / *j i Nds i= wds: 

|^Pt,idtyDot.f^tfiuldt^IdryDettSl2e*plit^ l- bits* 

Hie PASC M siafLanenis tn the aluuc cxantpies aeeoniplrdi the '.aine lesult.as theC'A:.tj| a.^einents 
iieiieath llieni In it a: u i n*'i e pi one ti^ eiaois ^.wma: Nome tiehls leqiiue deieleuMu e %Mth an os\s and siune ilo 
nnt Fhe eoniiH^se^^ L'xi'tessioii used tn the CAMll asMianiuMii hnthe! points out (he di-snabilitv ol 
assiiMUUf^ vahios UMO lilt 1 elenund data n^Miis ] lu' e\ainple is I aken fioin the ( 'AS1I I Looipdei. 

CAMlI laiuMiare pfovhtes Km the Mipinul o! a,.ei o| Vx\\ aiul eoiulilions which niav oceui 
imislv duniij' the t-xeeution i ( AMll jMOi'jjm Itieaiitlua nt a ('AMU pi.'sfaani tieiiuentlv 
wishes to piovule hM (ho N^hons llu' |uMsoti I'seeiiline llu^ poMMain iij ease lit' ^sant Mi* ehanee liis nniid, 
{(\ hack oiit ol a sitM.ii ioii he has eiiteoMl inio uiadvisalHs . < u |o srek at s apueh po^ln ia hie tunes (hr help 
i>l the pn>)aan) mthni. In L>lte*t he iiiu-ds [u pioside standoie otteis Tu [m * uas^ sneli letpiests and to link 
llu-tn to lanpiblf lloiip whu h lhi> n-.et can do (o u^iiie>t the actions Sotne HVstenis p^^^vide toi ih^^^ nh a 
connnaml mode oi coiitiol kes esi ape CAMll [Movides tins tinnue.h snppent ol a sd ol ^0 hniction ke^s 
on ihe umm kc\ hoanl jnd si^veud pHMido ^^kess ' ^sliich *;aii he '[Messed" In llu' w slein \^l\en suine 
.siliiatiCMi t he aui hiu nia v \s\\ pi Oi ess lias ? u em led 

Ihe authnr dcuDt =-s a. set ot isnulnumh. uhich he is ^wlhnr tn process, at a place in the puM'iain wheie 
he wjslies li» [ifiUTs^ thr eoiulihons. W *Mie o( (he activated miulilinuN is eiiciuinte led . eoniiul will hv 
f lanshaied [o the "^t;it Cintail " to which (he aeioated set ol eruditions is attached and lonlnuie ihriealfei 
(0 the follosvni}. siateiocnts ap|H'aiine aUei the II IHI statemrut. Ihe anthoi mas ledctme the pbce and 
the conditinns bs msciiiiipa 11 1 H > stateinenj in (he pioeiaoi n, (h e execniuMt pal h 1 he toiniat ol the , 



'X' 

ass' lie! iiii^c 



^tateineiit is 



IF setofcondit ions DO statofipnt^ 

rhc set of cniiJitions is an i'\pft'ssioii and is calLuiatCil Jiul aHiv.itct'l ^vhuri ilic Ih lX) stateiTiciil 
cncountcfcd in iiornHil pri>^ra!n c>ft:utuMi ^Cijuc cc At \hv tunc ol mMinal cncoiiiniM, ilio rsiaicfnciir* 



lolltiwiiig no IS fhii cxcLMitiuL bAvili iMily he i^ni\ Mit-il'it nnc c»l ilu' iPinlitinns in tlie l ontijtii'ii sot (Wcurs, 
Tile slateiuen! tnjlowini: PC) is »»tft'ii a CASl st,ii="niMii uilli tjf:s hucjcli <u ilu' JCtivattHl coiK^jridns Tlu' 
iolli>wing example sju^s lunv the IT DC) sialciiUMii isiiscJ piovukv^ii^ tlic user, a way (mTi !(^ flic 
pfevioU^i juoilulc s Jfui the Uin': le-ti f') Aus^^i^f III- ijiiCs^iisn 

/ ^ , ' • ; . ' 

I xarnpk: 

IF ( H£LPf aACK ,P 1 1 G.OINGUOWN J 00 
CASE SYS^FKE^ CA %y%f^m Vriri,it)1« teNs Nnicfi orp^isedi 

HEuPt Hrite "At this Doir., you m.^y ortly answer the 

guestl ori «^ asKed, Dress BACK to return 

to the orevious eximplQ* or press f^e ^ 

Fl Key to how much f i fou hpi^e 

loft to anSNer the aues 1 1 on'* for 5 sec * ^ 

on line c^^^ cot S* 

OAOj< I GOTO ^(idul pZ7 ; 

GOiNGOOHNI GOTO sy s te n_cr is h i 

Fl t ""tifiejaft^^.^S-SySpTlHtR-STAF^TriHtl 

wrilfe tifUQioft on line JO' bOTO redo aupstion^l 

. er;ise: S T AR r T IH£ #=5 Y 3 ^ T I ML ^ * t i 'ii e I of r *-^45 * 
on I i ne 1 0 f c NT i t M 

"What is thr* mariiynt of the force vom hj^i? Spocifirci 
wt^en it .iDOti*?c1 on n c^O ft 'iioment jr^fi"^ ' 

r edo_q;jes t i on f -j 
accept Hirh l(ii.|its.# for tins' '-'t r ^ : 

etc* ' 

In Ilu- ahi>vc I'xaiiifilr llu' t UjlNt iDOW N i iMulttiMii i . oiu- svliu h is .issc! icil al l^'i iUv opiMalin u-tiui-sls 
( AMII tiMtnin.ifi' i^peiattons M) s.^ nruis piikM.to its ai'tuall\= stoppiiu* all ('AMU pit^i^fain :u'Uvitv. 
I Imk anduM Ir.is, ilrruU'd lo tisi' Itu' L<indi(hiii t«' ti.insii'i tontinj lo a mumIuIc wliitli inip.lit stufi' ilu- 
studeiH's lUiiViit sfjiiN disk so (lut \\r iju ii'siatti'tl atliM tilt' sssUMii lesiMUi's (>pt'!alitui. SmilC ilu' 
ctMulituMi nii|^hl^i L 11 1 al aii) Inik', I'st'ii ^^InU' tlir phM^iatn is ssaifin^\ o\\ the ustM to luissvci llu' ipie^^tUMi, 
(fit' pM')'ia.(n imist br .tsvau liiiuiinaslv j'linu'il In (KmI svilli ! lir. fAaailMali! s 

il 1 )( )' t iMh-iif KMi si-ts jir '■sLirkt^r in 1 iu'sI^l! inaiuuM \^tuMi [^tu't/duies aie t alli^! m\i\ ct'iujitUMis 
>ippl> ai llic ninst uxaail \v\c\ .il uliu li llu'\ Jir at livr I luis a 111 ! Pkos nU)*lif lu* .u IiVimii a srj'iiU'til ;nul 
\\\ a priH/fdnu' tinuMUlv biMin* r,ilU'd In llu' srpnu'iit If flu' 111 I 1' kcs is pu'sst^J ni this situalitMi, (he IITI V 
t«aiulitiun in tlie pfiuaHluir svoiihl In' pun esstHl uitlu'i tliaii tlu^ owv iii tlie [U'yywviW It (he liACK kes vh a^ 
ileliiunl in tlie se^anein Ini! U'd ileinieJ iii tlu' phueduie .iiul u.is piessed while (lie pt'Hi'iliiie wa.s.u tive, 
etuUrol s^iHiltl 1h^ ihiiTsleiied haek !?> (he .eiMneni in the sialeineiif hdlo^Miu' llu' IM) o\ ihe Ih jX) 
at t ivat^i^ei^llie^ ll/\rK kes. Ihe jMoj'Min sta.eK vvimhl id isMiise he jiljiisleii su that tl eoi lespiuuled to the 
stale 1(1 sshu h tlu- s(\e.ineii( s^.i , ,u ii\c- hut (he pinerduh li.id nnt hriMi ealletl. 

I ik OpoiiifiiniN 

I de iipei.Uinns hau' hccii nitej't att-il iido rAMIl s\nfas tn pu>Mdi^ hn lile leqiu'sls to [naiiipulate 
ilat.i oil (ju- tile and lu .ilso use the tile ihiMU' is the iMMie ot ,i ImMei eoiitjmhi}! one eleniefit dt the tije. All 

■ \ ■ ;i ' ^ 



nies are declurca in the pro^rnin i^s :i tiW ut a cortmii type nf clcinent. The nio identifier is then ^|variable of 
the type aif tiie clement. The CAMIL tile inunnBor allows three basic kinds of files: indexing,. direct, and 
variable-, llietineanini' these ternis will ninv bo denned as they pertain to CAMIL tiles, 

IndexiiiJ tiles lire Hies accessed by a lile key, i.e, a piece uf data wliich is used to discriminate 
between difii^rent recnrils. in tlie desigil nl the CAMIL systern, it is intended that indexing files will be used 
as cnnin»l and Uircctury tnnctions and not used to store large records of data. In the implementation of the 
file numaucr JiKlexinS tiles are lucked into the executive control system (FCS) of the CYBER but {uotectcd 
on disk v^^heitcver they are wntinK The result of this upproach is that READ access to indexing files may 
always be acc<'»nplishcd without physical I/O delay or time slicing of the program. Tlie cost is that records 
camuu be very *argc without svasting a large tpiantity nl LCS^ ' 

Direct 'fcccss files arc tiles ol fixed record si/u accessed by a specific record address. Records may be 
iHiftcretl inifjre than one jo^cal rec<Hd witlun a physical rccoTd). and new records may be written into 
enipts iccordJ^iutoiuaticallv allocated by the tile manager. This access method is implemented so jhat the ^ 
dish aadress of each record iiiay be computed frt)ni the Irceord address, so that only one physical Vik 
(^leintiori is retiuired to obtain tjie desired record. Direct access addresses range f>om I to the number of 
reconis liit h nuiy (Jccur in (lie tile. 

Variahltf si/e hies are implemented so that there js no limit on the size of records other than the limit 
^Vfted in kv file definitiiML Also, ^wili variable si/e Hlus. only a single physical access is required to obtain 
the ^biicO icc<vrd. S))ac^^ is allocated to! lliese,ject)rds so that the niinimmn number of disk sectors needed 
^^)H\*ltain the Nj/e m recora wiiiten are alJiKated. Actual record si/e is maintained by the file mmagerand 
/ipv^record update wlm^h wluinges the si/e ot 41ie record wtitten results in automatic reayocation of disk 
^(Lice to acconimodaie the additional si/e. All disk space is automatically recovered v/hen records are 
^^ddeted.ami ''clieckethoarding" of available sectors is prevented by consolidation|)f adjacent sectors. 

rti^'^tollownu^ variations nj lour basic commands handle all tile operations pemiitted on CAMIL files 
j^uJh'ninifiil ('t a ("AMll oi batch prt^iiram attached to the ('AMIL data base. 

KtAO fileCl CReset to first r€Cord> 

r£A0 ^l^e CSequentlal read} 

REao flJetindexJ CRead particular record> 

R£^0 Tl let indPK n^i ?e CRead variable size recDrd> 

nRITE tiln CSeqijentlal write} 

MRITE filtfCinde^] CHrite n enC i ndex- 0> o r old reel 

MRlTt f 1 I et And^Kl isi ze [Write variable %kte rmcor^J 

OEleT£ file CSeiijential delate} 

O^LcTi fi lot index] tOelete oarticutar record} 

CELlT; file(ALL3 CPurge contents of file> 

NlfH ^iLt fiietindeKj Qu CRes^rve and read denoted t i I #> 

Crecordi dereference fields if} 
fRECD|0* typef reoface uodated} 
Crecord, release reserwation} 

A tile indox IS nptionai ^vi(h ilu' me;uiin^ ot sequential access to the next lecuiu in ine iilc ri n 
oiuitiod. flic lecoid swc idcntitici is onlv used tor vaiiat^le si/cd records and is automaticiilly set to record 
si/e xduMi HMdnij. and roniiols tlie si/e id (lie lecoid beitui wntten, The VASli statement is optional and is 
oiilv cKvnavd Hlieii the tile opeMlion c;mind he liilly coiupleted, A builtdn system variable contains the 
actual tih^ einn wtiicli has and inav He interiopted tor u^e in decidingjiow to process the error, 

Aiiv ldc Matritienl ^^liiti does not iciuin lullv suceesslul caused NO alteration to the \\b on disk. A file 
inav ln> icsiM to tlu' hist in'oid toi seMuential pnuessmj^ by reading! svith an empty index. 
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The name of a HIc iy\)a variable has a ciuar role in CAMIL. VVhcii the lllc iiainc Is luuccdcd by ii file 
'operator such m '%¥My\ m nperation upm iho disk lilc ujuouintcil with (he lllc riLiiiic in ihc file 
declaration is pcitornicd, Within any nthcr mn^ contcjcl, tli^lllc niiiiH* \% w vurhihlc of the type of Hnta 
incUcptcd In t lie nic dccliinition. If the lllu is u NAMH type VHriiihIg, ii poinicr Is a^sochitccl w^llli Ihc flic 
name. Uke any other pnlntcr, this pointer is the uddrcHs of stpnif»c iilltjcHtcd lcie<mtnin m filijcci of the 
typeUjf the fllo. In llili manner, it single disk flic nanic can he used to rciul into several tmffcrs, soine of 
^liirh tiiav hfi dynanilcttliy created^ aiidunlyaisedUicalIyi prouedurt^ Ibrcxuinple. 

' Thc^ ppcfutions sup|M>rtcd by the nicniiina^ei iiiuliule^pcci flc hmctjom lb rciiuh type i)f flic recjimst, 
which Is in turird^peridenl upon what field? iirc includctl oi omitted in the file stLitcinenl nnd the lyi^c of 
file Ui€ actionMs pcrfornicd uptHK llm \\m sees, q much slrii|>lcr iritefliicc, Mncclic is only presented the 
opanitqrt READ, miTIi, DIOTK, uiui IHIR(;F( anci'u rwml-ufidrJtinH cnmtmct based on the WfTII 
statenicnt, llic RliAD function only reads recr>rds \n\n tliu lilc liurier. The iJi'Limi (iJnetion deletes the . 
^ desipaied rceord from the file. The riJIUil" liincth>n delutcs evtuy record rroiri the file. The WIUTIi 
function replaces the' designated record on tliu nje if it Is ftMind or lufds lt,t() thelllu If it is not present. A 
\ conMr&ct is provided with^tlie syntax : 

- M ' 
WITW PiUl f»r f 4 i eCi ndex I UO < s tat enier^t > ELSfc €stat«fninf> 

Wlieri the above construct is cxccujletl^ the tlesii^nnted it'uord is ciiecketl to insuru thai it is ooi 
reserved by some other proifram./riie rccnf*d IsHliiMi rcs4jivc(l (or this pTo^^rnrn. read Into tlie'file Inillbf, the 
statement (tilltiwing tlic DC) is execntuil, the record is rewritten aniu disk, ^uulthe rcserviitinn isrcnuived 
The reservation step iissu res thnt tvV{) proj^^nnns dn luit rend tliesunie reeorijaM'^^'dcits c()ntcnlH,niul thcti 
rewrite it ohlivlous to the Inct lliiit each \m Ufniatetl tlie snnie record, The liLSI% clause is exccnlcd (ndy if 
the record cnfi not be reserved and/ur read, Sevc^ral nttcmpts to reserve t^le record tire automati^idly initiated 
■ by the file manager to clirninatu the need for the iirogniiiimer tnliandle tlic raf^ase when nnntlicr progrnrn 
rniglit hitMhc same rcci>rd. Ilie WrrHhllJ^ torni also iicconiplislies the same I nnctioii us the iicnnud Will I 
^ statement it dereierences the desiKnnted rceord in Itie sioiie nnuiner tieserihed aliove lur-the^rril 
statement > 

FmIc security is perfijrined liy the ilk ninnnger. W^licn a tile is dctliied in the CAMII . data l)asc,it is 
potentially available to every CAMlL profirani. Aeecss is ucnitrullcd in the delnn lion process (an inter^ 
actively run CAMIL program) l)y allowing the flic dcfinel tu enable Hpeeific Hie rnanuger funetiim^ lor any 
lCAMIL prograni by naine. Since these fiaiiies lire iniitpic, the flic iruiniif^cr can tluis aoihoiri/e speciik 
programs to perhaps rend a tliu, but not add t o it en nite r any records in the file T*rovlsinns arc also iniidc to 
c()iUrol batch job file secriiity by asJioclaling perinittcd lile operations with ttie CAMlL prcjj^rani IVoni 
which they are subniitteU. Fly a^rdli^urjng the systeMi so that rcc[ nests c;in only coioe through the CAM IK 
system and its assoeiated peripheral prtKCssor omtiiie, the rANIL «lutu hnse is lolly proteeicd t rtun cljrect 
invasion, andaeecss must come through the file secnrily process of" the tlic ninnagcr. "Ihe nieeditor canalsn 
define default security entries to allow llles to he. accessed Jiy pro^nnns witiumt speeiHc security ni;eessirit 
^ so desires, ' ' ' 

Iterative State nic^it ^ 

Tlio TAMIL iterative stntenicnt conihines in n sini^le stafement rill of Ibe junctlans of all three 
PAiCA L/ ALGOL iterative statenieiits. riie St utcnient is baHednnrhe lollowing reserved Wi)Tds, all t^i whidi 
ore optional* ' * 

FOR Followed by a vanable svhich is iiii tlaii/cd when the hnsp is started and incremented by the vaUic 
of the hV ex press ion as t tic kiop repeats 

FROM- If present, cjenotes the startiijg vahie of the I'Oll variable; deraults to 1 

TO If present, denotei'the stopping value beyond vvfiich the l-OR variable will not continue; defiLJlts 
_ to the largest integer 

BY If present, denoies'thc incrcinent to be atldcd to the f OH vurinblc each tune (KnMigli t'ii: loop: 

defaults to I ^ 
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RHPiCAT If jifcseiit, dcnotci the inaKlrnum nUiiiNr uf tlirtei the lonp will icpcat, reprdless cif otiicr 

•, cnntrd rneclianisrns; dclau^ imiiihcr 
UNTIL If prcicnl, Is folluwcO by ii !o|pplc?jpressl()ii which ^^^hc cViilualed at the cud uf each liKip and 
%^vlUcliv/jll tcnninalc (licluopif the vjuc li TRUn; dp^ills la F>\lJf! 

WIILIi If pfeserit. Is ftjllnwcd by » hyicvi ^%pm%\m wlilcli will He cvalunted nl llic beginning of each 
loop and which will icrrninaic the loop If (he value is I'AUU; dc fulfils ioTlUlli^ 

If i\m\e nf (lie (ipliouiil wonh iixQ prcsctit. Hic loop wlfl l>c IcrtiiliuH cd cjiily by Intent jonnl cx|l or by 
reaching the linplcineiilutlon depciulcnt dcjaull viiIup of the 'HIvI'liAT iihra^c. All repent cnniputaticms 
lnvc)l\^^ng t^e phrnsos KOR, I'ROM. TO, DY, aiut Rl^PtiAT arc ranlved by llie yon»j)llcf or icnctatcd code 
prior ti) hM)p'inltiation untl tmiM in n nuiXlmiini iicration limit, This com puiod value cfnitn)li Ueritim 
iihuig wi!lu!liellNTII.auclWlinJi*}j(prD!^Mn h)r tills rcnsun, a^igrinicnts lo the FO^ withi^ the 

loop will uffect the values it kmuiim, but will not nflcci the nuinhcr of Itcrnticmsln tlie hK)|). 

IhQ |nlh)wing Mmplc cxnniplc shnw^ tho iuivnnlage of ccHnbiriinH hH)p rtinction^ into o single 
staferncnt: 

CAHUi 

FOR L Ff^UM 10 TO 1 3Y -2 UNTIL FM^tRKsiLOF 00 
it MO? 

FOR i I - I TO ^ UO 

kcAO my f i lei , % 

IF L QF(my f i I Hi THEN GOTO 15 

OiGIN ;irr.^y(i li^fiiyf lief ; LNOI 

ENOr ' ^ 



The <'AM !L lorni is not only nn io iproveoiiMii in Ikxibllily lor llic proi^uuniiner, buttlie ruHtineused 
f(ic<niipilc it issuuiiler tium tiit* ttircc run tines used locoinpilc Iho three PASCAL iterative stiitcnicnts. 
Case Sta(rnu-nr tlntl iiOlO (use Stutcmcnt 

riio CAMII u.isc stntcinent Is ;i sinipio cHtrnsicjii of liiu A l!^ i()L/SMW' AT case ^intcinent , The 
extension adds an IT -Sl^ cinusi' itir ln)it;ii ecMnpUitiini ()l the set c>f p(>ssi In ihccvcnt that one of the 

desijuiatcd tags js iu>t loijiu! tu niatLh i\ CASI' selects! oxpicssiuiu tiie LLSFi claiiiie will be executed if 
preseni, Tfib aiiili ly eljintiuiU^s the frccf^icftt ncufl in PASCAL 1{) inil^ed the f'ASli stiilenient In un ir' = 
TIMiN-lT.SL sliilcincnl which cao hg parlicnUuly MVvkwnni il ihc chusen taja eniuu^t be CKfiresscd as a Hct , 
It also results in a nx^re elficii'iU iinpkiu en tat ion ni thin rathc! rreipiciit cnnccpt while daritying the intent 
irfsuch a cfeHiibiimiloii ^ * 

* A new furni ut" CASL, callod ihc ( i() I ( > ( ASL, is aiidcil, In this forrih wiikh upp 
nnrnud case stal cnien I, the conipdcr avoids generation of the hrnnch insi ructions vvhieh nnrinully Ibllow tlie 
code Un nich ta|iged siatcitioot. Ihc f osull is (hat if cnotrid is traostcrrcii ttjone oflfic lagK^^d statements 
nither th;n^ tfitlie L LST stLitetncnl . it and all ufllic following taj^McdstaicnienlH will he occcutcd in turn. 
The \ \S\' <;tatcincnt wilL linwevur, be avlniled. This lonn X)( thc^nse pruvidcs u difect eqiiivalcnl fur the 
FORTRAN computed CKITO while loviiunt the structtircii appearance ot the case sta tcnicnt and avoiding 
the nianulacturo of riunieroos labds tu captnre tliis type oflugic. Whilcwc do not expect to see this form 
Lretpiantly nscd. it. docs inuvulc n t ran^lLilioiud C(|iiiv:denl for the lOKTKAN/ ALCIOL t<utii of computed 
fiOTOiini! tlie i|iipUMnent;itiori cost in very sioalL This staieingiH is ropresentcd by prcccdinpa nartiuU 
t'ASl' statement with the reserved word'^dOl ()'\ ) 
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Slnci the primary IniplemenUtlon context of CAMILIricludcs the opcTatlon of Interactive tcrminali, 
we ftit a itrofig need la include a specific statement fnr*tfie acccptaiicc ntul ayaluatloiiaf rcsponiei, After, 
obsarvlng tha Impkininlaiions of mariy syitcms, It was dctcrnilncd that one of thc rriust po^vetful rcspotlie 
acceptance nicclmftlsfim was Implcnienteil in the TUTOR Inngiiagc (Reference n The essence of this 
mccMfilsm In CAMI Is a cnmbinalion of an iicccpting, ptcKesiing, evaluating, and jaoping function 
combined into a sin^c sliUinenl. The statenientis called the JUPGli itatinient andiisonflmeclaftef the 
JUDOEcontlrigenGy fitructurc implemented in TUTOR, In MIL. tlic JUDGi^ itatCTncnt has the folldwing 
syntacilc ftirrTi: 

JUDGE 

*r f sponst €cc eo t i sentence^ 
BEGIN 

^ €t>fprtsslon 'llst> i faction staMwent^l 
. ctKorfSsl on I lst> I ^action st attfuant^l 

^ftKortsslon llst> I ^action stattffierit *l 
END ' . 

ELSE <rio fnatch stat#!!i«nt> ^ 

The response accepting statcnicnt is usiially m licccpt Sentence acquiring input trom the keyboard 
into a built^in variable called the judge buffer. It^ can (if course be a coitipcjund statenicrit wNc^ **inassager 
the cfSTitcnt of the Judge buffer after, accepting the input from the student, Sjtlce the normal accept 
sentence allovvs manyoptiuni rcstriuting the input, thisstuteincnt isnot normaliy needed but it is available. 

, The cxpressiori tag lists arc nunnally anticipated mponses or ranges of responses sepiirated by 
commas. In this way, more than (me answer can be assuciiited v^ith each action. Ranges of numbers, 
inte^rs, sets, string?, characters, and exprcssi(3ns are ollosved as tap. The compiler generates logic to 
cunvert the contents tiS the Judge buffer to all of the types of thinp on the IncMrded tap, and tries to 
match each of the tag cxprcsaioni to the converted content of tbe judge buffer, if a match is found, the 
corresponding action statement is executed, and Turther niatcliing Is tcrminatedJf no inatch is found, the 
EtSi^ statement is e)4€Ciited if present, 

After the above has occured. a scniantic Hag is next tested . This Hag ^11 have beea set true if any 
match were found and false if no match occurred. If the flag is true v^^lien tcitcd, the JUDGE statement will 
termlriate and the following statcinctit wnll be executed . If the flag Is false, corilrol v^ill be transferred back 
1o the accepting statemant if a inaximurti count has not beencxcceded. Since some tap niight correspond 
to anticipated 'Vrong" answers which vvould require further input, the scniajitic flagean be reset in the 
action statement tn cause further Ujuping. In the sanic sense, the flag can beset in the El^E statement if no 
further processifig is desired, the loop count is also a builtHn variable and defaults to no liniitif notset by^ 
the author. The actual number of times that the JDDGH lDot)s Is Mored in another built-in loop counter and 
is available to the author for his use if he ticeds It, A.n example follows: 

erased 

en lint S, col ,5 write 

•^Pr-ess the Indicated Heys to choose a Drogram, 
S»«e of the garnes may not b« work iri? yet* 1 may 
type in •quif XI you want to leave now 

.a Tlic Hanginan Game .' ^ 

^ Tlie Spelling Game 

c Tlie Race Came 

' 2U 



d The StirtrekGame . 
c ' The iSplifOgram Machlna 

^ f The Ernpiri Came**; 

.. * * ■ 

ac6&bt on Tint Sf eol^^-rS with [ noEapSf trast^€chol 

^ BEGIM ^ ■ . ^ , / ^ ' 

^*aM ^ SOTO HANGNANj; ' 

•b'l GOTO JPELLGAHil 

'c'sM'l. •^for 5*see write tlsshln9 '"not norNlnq yst*"? 

• qui t* I KlULPGHI 
EMO ' ^ 

ELSE ^ , ' . 

f or 3 Sec on I Ine 30 f CO > r wri t« 

••NOf «nter one of t^e Ittttrs In the ipenu or type 'quit* 
to Nas/t this orotpram'*! 

Sentence Libt dry 

Several standard seatences gre available in the CAMIL language, These sentences allow the user to 
perform several nacdcd functions^ and some elaborate special purpose fuhctions. Most of the standard 
. sentences are implernented in CAMIL, but a fev/ ore impleniented In PASCAL to avoid the swapping 
overhead of frequently used sentences. Before describing the sentences , we shaU explore some of the 
standard prepositions which can be used with the sentences/ Prepositions can fall anywhere within the 
sentence and in any arder, as long as they do not interfere ^vith the verb-object phrase of the sentence. 

The until preposition \\m a function key set as Its arpment and can be used with severd verbs. Its 
. function Is to provide a set of function keys which act as an until condition of the sentence, ^ien the until 
condition is reaohcdj the sentencq completes execution and pro-am control continues, All of the function 
keys in the until set are considered as next conditions^ and will not be considered as asynchrorious function 
keypresses if pressed when the sentence is in execution. Some examples of the until preposition follow, 

The first cxaniplc is a simple accept sentence in which the pro grain tner wants the user input to be 
accepted when either a NEXT* BLIIE_NEXT* or a HELP key is pressed, When oneDftlio until condition 
keys is pfcssedi whatever input the user has entered will be accepted and the prograiTr voll continue 
execution after the accept sentence. 

accipt unt i I INexTf BLUE^MfrXTf HELP II 

The second exaniplc is one In which the until preposition is used with the write sentence, In this case 
the write sentence will output the mformation to theterniinal and then pause until the until condition is 
met (the NEXT or BLUE_NEXT key pressed). Wlien the until condition is met, the write sentence will 
then erase the displayed Information and the program will resume control following the write sentence 

until tNEXT,8Lu£_NE)CTl 

ttrita "NEXT continue * ^ 

^ BLuE^NiXT for rnore Inf ormit lon"l 

Once control returns from the sentence using an until prepositionj the programmer can find which of 
the until keys was pressed; in the same manner he can query which function key is presled in an IF DO 
statenient. In the above example one might want to branch, depending on which key the user pressed 
(NEXT or BLUE_NEXT). The SYS.PKEY variable contains the desired Infomiation so that the program 
, can perform the desired function, depending on the.kly pressed, ■ 
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Ifi aU of ttie sentences In which the untll^ preposition* Is dcflnecl, there is also a time limit which may 
ba Impoiad uang for prepbsltlon, Vhen a time limit is imposed, the scntQiice will pause for tlie desired 
amount of time, and if another action has not restarted the ientencc when the time limit is reached, the 
santance will continue. If both the until and for prepositions are used In the san o^ientenge, the sentence 
continues ixecution when either one of the until keys la pressed or the time limit is reached. To indicate 
units of tlmi in seconds^ the postfix operator "sec" is available to make readable time causes, 

4 few ixam^es of the for preposition follow. TTiey arc similar to the examples for the until 
prepositlDn ejccept that execution of the propam is now resumed after Itie desired time limit is reached, 

accept for 5 s#c I 

mriim ^'hello** for 3 sec I 

There are two prepositions which can be used to indicate screen , positions: at and on, The at 
preposition has two integer parameters whcih indicate actual x and y ddt co-ordinates on the screen, The on 
preposition, alio indicates a screen location, but on*a, character level using tlieline and column operators. 
Several simple uses of the at and on prepositions follow: 

acfeapt at SflOl 

accept -on llrte 25f col Zl 

Nrite "Hmki to continue" at 26*151 

write •*N#j€t to continue" on I ine 28» col 151 



Other special purpose preposiUons are available and will be discussed with their associated verb 
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The standard sentence to request input^from the user is the accept sentence. There are maiiy 
vafiatlDns upon the basic faciJity for response input. The basic accept sentence, automatically places the 
promplang arrow at the accept cursor, awaits a user response^ and erases the prompting arrow when the 
acceptiJig state is completed. An elaborate sentence example could be one which sets the accept cursor, 
displays the prompting arrow, limits the input length to three characters, only accepts octal digits, converts 
the uiput and stores it into an integer variable i, and places a S^second time limit on the user's reiponse 
titne. The following example would perforrn the functions described: 

iccspt 113 OCT tor 5 s«c on line 2**t cat ^51 

To describe the functions of the accept sentence the possible prepositions and defaults will be 
described. The accept verb has four preposition types; an until set (the mtil preposition), a time type (for), 
a screen position (at or on), and a with set (with), 

^ The until preposition temporarUy removes the asynchronous nature of the function keys contained in 
the until set, replacing their meaning with that of an end^of-in^ut terminator, this allows the propam to 
accept inputs and perform different functions on the input, depending ori wUch key was used to terminate' 
the Input stream! If ho until clause jis present in the accept sentence , the NEXT key along with any keys in 
the system defmed variable SYS.UNTIL set are assumed to be the end^of^input keys. 

An accept statement may also he terminated by a time limit which is specified in the "for'' clause. If 
a forcUuie is present, the accept period will be terminated at tlie end of the specined time limit, assuming 
the user has not pressed one of the deemed until keys.Mf no for clause is present,^the accept period mil only 
terminate when one of the until keys or an active function key is pressed by the user. 

The screen location clauses at and on are used to d^lpiate v'here on tlie screen the accept prompting 
arrow is to appear. If no screen location is pven, the accept wfll occur Just to the n^t of the last item 
written onto the screen/ \ , 

2.7 ■ . 



The ^th diuse contaijii a S€t which allows several special functions to be pa^fomned during the 
accept state. The functions which can be pr^ent in the \¥ith set are: /^^ki 

noaprof* «ce«t iiltttovt dlsp faring ttii proi^tr^ mf^rwr% 
ft^#eho jo not «€Nd ustf inputs 

fscok do not clis&^la^ ♦he oNi^no In a JtJrff^t ir#t#ii#at^ 

wrftrfln* drat* a untfirlift* dlsolayinr^ th^ \%ft^fH^ 
acctet lliwit. 

€rase^©cho erase ttii prtvloys inpyt Iri q ) Mdglng s tate# 
aflcaps transi ate an alE^hibetic K^ys into capitalliQ 

** -. " 

noeaps tPtnsI at% 9II alphabetic cMf^acta^^ i^^-loiwr 

toiich activate ths Touch pan^l und aceipt data froii 

^ . ■ 1 1 • 



di gjti on! if €cho/aae€pt digits 0*9 and gytibol s 

t •^f f and ■ 



The accept verb also has an optional objeet which may be the subject of the accept/ If an object is 
"'present, the accept verb will convert the input to the type of the object and store the results into the accept 
object, ^or ejcample, if *'s** is of type STRING^ then '^accept 1** will place the user input into the variable 

, When Using an accept object^ the acceptiiiglirtiit and accepting action lintit can also be specified. Tlje* 
aoceptLng limit indicates tlie maximum number of characters which v^dU be echoed/accepted, Any 
characters which are pressed after the accept limit is reached (iso available throu^ iXIMIT) are ignored. 
The accept action limit (J, ACTION) causes the NEXT key to be pressed when the indicated number of 
characters have been input. Thui an accept with the ^accept limiji set to 1 wHl ininiediately continue 
execution after one character is imput by the user. The method^Qf indicating the accepting limits is by 
placing a accept limit : action limit** after the object. Thus a9Cept 1:5 places an accept Umit of 5 
characters on the accept, and accepyt :S:S places an accept and action limit of 5 on the accept. 

The accept sentence also performs the necessary conversiotis to Ihe. type of the accept object, For 
eKample, If accepting into a type Boolean, the accept sentence will convert the input string TRUE into the 
internd ;repf esentation for the Boolean value^f TRUE, As an added feature, when accepting into an integer 
or' number/ the accept sentence will automaticaLiy specify an aU di^ts accept condition 10 that only dipts 
are echoed, It is also possible to sipify an octaldigts condition by placing OCT* after the accept object, 
or juit OCT after an accept or action limit. 

The accept sentence also has two alternate forms' accept more and accept rep. The accept more 
sentence 11 used to continue accepting smarting where the last accept took place, For instance, if the 
characters abc were accepted and an accept more was executed, the accept cuiior wtild faU after the c of 
abc, and the abc would be part of the current accept. That means all of the editing keys and erase keys 
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* could bi Uiid on the abe just as if it hed been typed during the current accept. The accept more sentence 
does not have a clause for setting wliere the accept ii to occur (obviously since the previous accept Is being 
continuid)i and it does not Mve an object for the acca 

The accept rep sentence is for accepting and representatively echoing user r^ponsos, When an accept 
rep is ekecuted, the "J.REPECHO" flag is let. This infornis the driver to return control to the prograin after 
one keypress haa been received (so the program can provide a response) and also that tjie keypress should 
not bo echoed. All of the prepositions available ^vith the accept verb are optiond items to the accept rep, 
but no object can be niaaningfuUy accepted into i ^ . ' 

7tt€ pause sentence, , , . 

. To ternporarily pause program execution,, the pauie sentence can be used. THe pause verb has two 
bptlonal cliuses and no object. There is an optional until clause which signifies which keys can end the 
pause conctition and an optional for clau^ which can place a time limit on the pausing. If no until clause is 
present, the NEXT key and any keys defined in '*SYS.UNTILSET" are used as the continuation keys, If no 
time Umit is plscad on the pause p propam executton will be suspended until a continuation key or an active 
_ function key Js pressed. Some examples folloW: 

pausel CPsusfe until NEXT is »rtss©s> 

paus« uhfi l [NeXT*BACKJ|CPiust yniti I NEXT or BACK pr^sstdJ 
pause for f sec* CPause tor 5 stconds i>r writi iVNf 

The write sentence. .. 

The standard sentence to display textual infofmation on the screen is the write sentencep Hiera are, 
several forms of the write verb, bpt the discu^ion wUl start fli^t with the simple form which displays text 
on the screen- The object of the write verb can have any of the standard types (D^TEGER, NUMBER, 
CHAR^ STRING, and LOGICAL) or any string contained inside double quotes (*S , . Th© wite verb 
wDl convert any of these types into the proper forrti to be displayed on the screeni More thui one object 
can be listed with each verb by simply listing them after the verb, i.e,, 

iirift "The answer is •Santt" and the av^raae is "tairg | 

Formatting is accomplished by follow in g the Items to be displayed with integer", where the integer 
is the desired length of the item being displayed. This makes it easy to generate lines of data wth column 
^'gnment, even when numeric items of different mapitudes are involved. For INTEGER values, if the 
length speciTied is noMong enou^ to dliplay the entire value, the length is increased so that the entire 
value can be displiyed, To display an integer or nurneric value in octal, an OCT mx\ follow the integer'* 
or OCT' can be used and the valu^ will be displayed in octal ^pts. When OCT is uied, the displayed 
number wiU be displayed with leadlr^g mtos as blanks; If, however, leading zerc^ are preferred (as in 
memory dumps), they can be specifled by udng ZQCT instead of OCT in the sentence. The following 
example uses a length Umit, OCT, and ZOCT: * . 

ftr-ita ii3 D6T% ^ i Mifroryl i ]• 10 'ZOCI on I i^^ ifCaT 51 

* The precision of NUMBER values is controlled by speciflng ttie entire character length of the ftumber 
to be displayed, and also the number of dB^ts to 'diipray on 'the right-hand lida of the decimd point. The j 
form is simflar to PASCAL and looki like **: | : where j is the total number of characters to display 
(including the decimal point) and p is the numbed of dipts to the right of the decimd point. If the p" is 
left out, the number mil be ^displayed without any fractional part. To display a number (ft) with nine places 
to the right of the decimal point and five placei to the left **n ' 9 i 5" would be used, Numeric values are 
displayed in scientiflcnotatiwi (i.e. 5,6 x lOtS) when t]here is not a precision specified. 

&veral .prepositions are optiondly available to aUpnent the dapabilities of the write v^rb. Tlhe at and 
on prepoii^ons are used to direct where the informatioh is to be disntayed on the screen, ^en using one 
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of thesp pre^sitions/the starting position of the message is specined, and the left write margin Is set to the 
sfeortRed column poiition so that an^ line overflow Is allpied below the flrpt line. 

The "for" and '*until" prepositions are both available with the write verb and since they perfonri 
similar functioni, they will be discussed together. The function of these prepositions is to determine how 
long a mesiige remains on tlie screen, by waiting on a keypress or time limit. When one of the specifled 
conditions Is reached, the information displayed by the write sentence will be erased, and the propam ^ 
execution will continue. , 

The write verb performs all of Its textual displaying in the write niode of the terminal. Ta^rform 
writing in the erase an4 rewrite modes of the temiinal, the unwrite and rewrite verbs arc used, respictively, 
These verbs are used just as the write verb, since the only difference is that they place the plasma panel into 
different, modes. ^ - 

When the flashing adverb is used with the write verb, the message is flashed on the screen until a 
NEXT key or one of the until or for conations is met. The write flashing clause has the same parameters as 
the write verh, and thp only actual difference is that .the message will flash on tKe screen unt^ some 
^condition is met. A simple example follows:, * v ; 

write flashing "fou have won** for 5 seel 

Other adverbs which are used with the write verb are "large" and "unlarge*'. They perform the ^ 
wrlte/un write functions except that the text is drawn with vectors instead of with^ dot patterns. This allowi 
the size^ and rotation of the text to be controlled by the, propam, providing a means to write out large 
headinp or to label graphs with vertical titles, etc. 

Two optional prepositions can .be used with the Ipfge/unlarge adverbs' rotated and sized. The rotated 
preposition is used to control the an^e at which the data is displayed with a default in the normal 
horizontal positio^i. The sized preposition pro^ddes the means of stating the size of the data compared to 
normal size. By indicating two sizes (i.e., **sized 5,4*'), the x and y sizes can be stated separately, aUowing 
either-. taU and nanow or short and wide characters. If no size is stated, the characters are normal size 
characters. ^ 

Ah example of^^^g the write verb follows: 

vtrlte l argt *0eMO PROGRAM* si zed ^ Of% 4 lf># Bf col 4.0? 

Graphic sentences. 

There are several available sentences to produce graphic displays on the termUial. Unes, dots, and 
circles can be drawn, using the '*araw", ^'connect", *'dots**, and ''circje" sentences. A brief description of 
each verb follows: 

The **drav^/" sentence can either dra^ a line or plot a dot. Two prepositionp can be used with the draw 
verb: to and from. Both of the prepositions require two arguments which stand for x.y co-ordinates on the 
screen. To draw a Une*; the from clause signifles the starting point, arid the to clause siplfl^ the ending 
point. The sentence "draw from K,y to x+5,y+5*' will draw a line from the point on the screen representing 
x,y to the poLnt x+5,y+S. If the starting point of the line to be drawn is the current Vrnite curior; the from 
pieposition can be left out » The sentence **draw to x+3,y4*' will draw aline from the current write cursor 
location (x+5,y+5 if the previous sentence was just executed) to the x+3,y4 screen location. 

To" draw a sequence of connected lines^ the connect verb can be used. TTie connect sentence draws a 
sequence of lines, starting at the first" pair of points and connecting all of the Usted pairs of points 
following. TTius the sentence "comiect x,y, x+S,y+S, x+3,y4*' would produce the same resulte as the two 
draw sentences in the previous examples. 
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" , Doti cin bf drawn using the draw verb by leaving out the to clause. The sentence "draw froni XiV" 
vriB turn on the dot at the x,y location of the icrecn. A dot can also be turned on by the sentence ;*draw" 
which vdjl turn the dot on at the cunent write cursor, In a similar manner as for the connect verb* a group 
of dots could be plotted using the dots verb. The dots verb simply plots all of the points listed in US'Object 
list. The santence **dots x,y, x+6,y+4, x+UY-lO*' would plot the three points listed on the screen. 

To draw circles on the screen, tlie *'circle" verb is used, Several optional prepositions are available to 
modify the type of circle which is drawn, but the only required object is the circle radius, A precision 
parameter is optional. If no precision is present, the circle routine wHl choose an adequate numbgr of line 
se^ents to use in drawing the circle to produce a smooth circle. 

Several optional prepositions are avafl^ble with the circle verb to contror the type and place the circle 
is drawn, The first optional preposition is one of type "screen location" used to denote the center of the^ 
circle. Either of the two screen location prepositionC^at'* or "on*') can be used to position the circle. If no 
position is given, the circle will be centered' at the current write cureor. 

There are two possible t:lauses to control the period of time the circle femain^on the screen by u3ing 
the "for'' Or "uhtil'* prepositions. These prepositions work in a similar manner as with the write verb. 

Other prepositions include the ability to coijtrol the eccentricity of the circle by using the 
"eccentricity'' preposition. This prepositign allows circles to be elongated along the horizontal or vertical 
axis, forming eliptical figures. Arcs of circles can W drawn using the "startangle" and "stopangle" pre- 
positions. By specifying these angles, just pprtions^of a circle can be drawn. Zero and 360 degrees are tlie 
default values for the start and stop an^es, respectively. The last optional preposition provides for drawing 
dashed circles, 

An example of how to use the prepositions follows. The circle is to be of diameter 50 (In dots), 
precision of 25 line segments, to be erased after S 'seconds or until a next key is pressed, and with 
eccentricj^rtt 2.5 (elongated vertically). \ ■ 

-Mr 5 sec tntll INEXTJ circle 50|2S eceentrlcify 2.51 

- ■ -■ \ , . _ 

A sirripler example draws a dashed half circle of radius 100, wluch will look like the letter C, only 
dashed. ^ 

dashed circle 100 startanale 90 stopanglf 2701 

Tlie uncircle verb is identical to the circle verb except that the uncircle verb erases when the cirple 
verb draws, and it writes when the circle verb erases. " 

Other sentences. 

Some otlier standard sentences follow: 

The echo verb is used in representative echo modes, that is one key is Interpreted by the program as a 
string and placed on the screen in the proper position using the echo verb. The echoed output is also placed 
in the "J.BUFF-* variable so that it can actually be erased or edited using the erase and edit keys if an 
accept more is executed by the program. 

/The erase verb is used io erase individual lines or to erase the entire screen. It has only one optiorial 
object, a Une number which indifates that only one line is to be erased. TTie default if no line is specified is 
to erase the entire screen, Wien only one line is to be erased, tlie current left md right mar^ns are used in 
the erase operation so that if the desired line to be erased contains a graph or fipre it will not be erased, 

To; load spedtf characters into the terminal's random access memory (RAM), the LPADRAM 
, procedure is used, LOADRAM has two parameters: (a) a description of the character to load as a Boolean 
array and (b) the character position at which the character is desired to be loaded. When loading several 
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chaficteri into the t§nnlnal*i RAM, care should be taken not to do a full screen erase bifore all of the 
chafictars have been loaded, since a ruU screen erase ends aU output going to the terminal (see the catchup 
verb). 

To operate the slide projector, the slide verb is u^d. THs verb only requires one paranieter: the lUde 
position desired. A neptive slide posUion turns the glide projector lamp off, and any positive integer wfll 
pofltion the ^de projector and turn the slide on. 

The ixternd verb ^ used to glace data on the tenflind*i external output jack, TTie verbis object is m 
integar valiii which is to be exported to the terminal*! jack. Up to 50 values can be placed with m external 
. verb. ^ — • 

Tha catchup verb has no parameters of any kind and is used to R|use the propam until all output to 
the tenninal has been completed, TWs is a usefiil verb when sending dataHg the terminal's ejcternal jack or 
when joading special characters into the terminal's KAM since a full screen erase would end all output going 
to the terminal (including the types mentioned), and the output lines to the tenninal are relatively slow. 

' ^ ' IV, CAMIL COMPILER PROGRAM 

iinplementatlon Factori 

The implementation of CAMIL consists of a compiler to translate CAMIL propams into executable 
code, a terminal driver to schedule and interface the system to actual computer terminals^ an executer to 
manage the program swapping and provide implicit language services^ and a large group of capabilities 
written in CAMIL and available as built-in language features or, as system level CAMIL programs, Each of 
these major areas will be described in a separate section of* this report for ease of avoidance by the reader 
who is not interested in all of these aspects. 

Narntiye Description of the CAMLL Compiler 

The CAMIL compijer^ is a top-down, recursive descent, single-pals, opt^mizlngs machine'Code 
generating, partial compiler. The major sections of the^cpmpiler pro-am are: 

1. Interface Section 

2. Compilation Drivej 

3. Lexical Scanner » = 
4-, Declaration Section 

5. Expression Section > 

6. Statement Section 

The interface section of the compiler includes the attacliment to the CAMIL data base, the compiler 
initialization logic, the request reception lo^c, reinitialization lope to compile more than one program, and 
logic to perform initial processing of source modules, ^ . ' 

The compiler driver includes logic to read up and process all oT the necessary modules to detennine 
whether partial compilation is suitable and then to detemiine which of the sourco modules must be 
recompled. It selectively directs compilation of affected modules and stores the resulting machine cod6 and 
initidization data as needed, , \ ^ 

^TTie lexical scanner consolidates character strinp into identiflere, numben, and strinp,, and 
categorizes these elements as to type, returning one element each time it is called. 

Tlie declaration section of the compiler scans data and procedure declarations within the source code 
and builds internal symbol and structure tables for use by the expression and statement sactions. It also * 
stores the initialization values for constant and variable data types prqduced^by the expression iection,. 

The. expression section of the compiler provides for the evaluation of constant expressions and the 
generation of code for the computation of computable expressions. It also computes the parameter lisis for 
procedure calls and Usts of expressions used as the obje^ 




TKc ftatimint «cUbn of tha compiler icans and gonoratds code for the execution of CAMIL 
, tlatemeflta. It calls Aii expression routlrie as needed to conipile expr^ssioni embedded within the 
ixaautabta stateniinti. v; 

Data Baae Inteffaee 

The com^ler interface section is necessary because CAMIL propams ore siorodln a structured direct 
acceis data bas@* Rather than appearing as a itrearn of chametiii as is often dontf CAMIL proirams appear 
as blocks of lines of chaf^cters. These blocks, or modules, aro created by an on-IJne editing propam i|i 
whloh the structure of the program^s bidlt Incrementally &s the modules are eritored. The propam Is 
structured from a propain directory which cdntains the disk address of modi^e directories, fiach of these 
dlrectorlas cont^ns the addresses of source, Initial vdues for data, and machine code modules for up to 30 
moddes of the program. ITia compUer reads the actual lines of the propam^ig^iUsing the address of the 
source modules to read the lource modules from disk. After the module has Wmh compiled, the resulting© 
machine code, if any, is stored on disk, along with an InitlalizatiQn module for anji locdly declared variablas 
If needed. The addresses of these ^created module are then recorded in the module directory page which is 
rewritten to disk anar all entries on the page are compiled, Tliere Is also a record Containing aU intermodule 
cross-reference sets, and an error module containing the iocatiqn and type of^any syntax enon. Any active 
autopsy records are alsb attached to the propam directoty . ^ * 

' Since the compiler is written irt the PASCAL language which pfovides no interface to CAMIL,, the 
PASCAL compUar has bein nciodifled to accept CAMIL nie deqiirationp and ffle acc^s statements. This 
allows the compiler to read and write records on the data base whenever CAMILis running on the system^ 
even thou^ the compiler is running at a separate batch control point. Separate CAMU. f}l^ arji^^iprined as 
♦bllows: \- ri^i 

POl The file of alJ prograni addrtss tnd status info 

PODATAf The flit eonralnlng dttalMtl Info about prograffls 

Hot The file of all module and post morimm directories 

ERROR! Thm flit of all error modylts 

SOURCE I The flit of all source and »ost wort em data 

OBJiOTi The file of all code and iriltlal vaVuas modules 

cot The file of a 1 1 partia I corppl I e data^Vecords 

The PASCAL file interface aqtortiatically opens defined files upon fiRt access and clmm them upon 
compiler completion. The coirtpiler synchronizes actions with the program 6ditor(from which compilation 
requests are made) by inspecting and chan^ng propam status in the PD file, File accesses are made through 
a poup of procedures which centralize all data base access For maintenance purposes and process any I/O 
errors which may have^occurred while accessing the da t ba . ^ 

Since the CAMIL compile^ was desipied as a resident compiler, if Was intendedto be initialized once 
and then would compile pro^%is upon request indefinitely. Also, since the lariguaie definition includes 
many "built*in'" routine libranes and variables for interfacing to the interactive terfnind, these must be in 
the compiler symbol table 'at Uie outermost lexical leveL The interface routines acgomplish this by first 
creating a request to conipile a program which contaJna these definitions and then establishing the resultant 
symbol tables at a point where tha reinitidization lo^c will not remove them as it prepares to comj^le the 
next reques^d program. T^e compiler is returned to Ih^ conflguratibn prior to compiling each program, 

Becauie\^f the modularity of the propam, the. usual overhead items such as code buffers, line and 
column counteg^ etc. must be reset as each module is entered. The interface lope performs each of these 
tasks and reads source data irftp the input buffer and imtializes the lexical scanner. Due to the partial 
com^lation lope, only modules which have been changed or affected by changes need to be processed, 
thussavingl/Oas well as processing time/ , » 



• * ConipMrtlon Driver ,, 

. . , ■ : ' ' . ' ' , /-i. 

The coniplUtion driver icllvatei the major sccUons of the compiler and decides which modultt mint 
be r#^ompll«d..ThB proceM be^ns by accepting i compilation reHuest and rehtiliallzlng the compUor, which 
U a very ilmpie itep. It then luokr#infofm»Hon itored with the propam to ice If anything hai been 
chansed ilncc the Iwt compilation which wo^uld force the program to be totally recom^Icd.^Such 
condltioni might be a new version of the compiler oi executcr, chan^i to the deflnltlans of built-in data, 
or compilir failure duHng the last compBMloi|ir this ihecaw.sptTtliljcjffl^leUlhftltutfd. 
' ' The compiler UecldeiH-wbM to compile by mpm crps-referencc sets fi^r each module of the 
propam, It uses setW^c to determine whether cdltortal changes to dennltlons «f dat* or procedures will 
rlppU to the executable code modules. This Is done by considering direct changes to, dennltlons.chaniw to 
dennltlons used In subsequent module. denriltibns, and chanps which affect the addressing of VBriables In 
subsequent modutcs. The prograni editor assists in thU by keeping procedure heading Bctually separate 
from procedure bodies, although the editor and listing propam disguUe„this fact from the user. In tlds 
manner. It can be noted when the user has chfinged the hejdlng, thus causing modules which refer to the 
edited module to also bp recompiled. Internal thanges do not ofcbunc requite this and they are by far the 
most frequc'it type of change, . * , 

By performing quiclc set union and intersection Aperotions, a compile set of modules is constructed 
which is then used by the driver as 'it reads HHvlule directoHcs to determine when it should activate the 
module compiler. During actual modulo compilation, the symbol table lookup routine enters the number of 
the modulo which contains any identincr it has found into n "refers to" set for the module It Is compiling. 
This set will be saved for the partial compilutioi? decision in the ne4 compilation, Naturally, any module 
which contained errors in, the previous compilatfon inust he reconipifcd, and this is reflected in an error set 
generated dUThTrrorcbmpilation. which is idsd factored into the sot logc. Actual compilation steps arc 
activated by' calling a module cnnipllcr' which Tirst compiles declarations and then executable , code as 
aRpropriatc (m the modulo. These arc activated as the declaration and statement sections, both of which 
call .thc expression seutTori, , ■ ' 

• Upon completion of compilation of all modules, the compacr then caUs appropriate parts of the 
interface section to store the error and cross-reference data and releases the program for execution or for 
repair of syntax errors through further editing. * 

' Lexicnl Scanner 

Since the CAMIL coinpilcr> siHglt-pass in design, the lexical scanner is designed to he called by the 
paning routifics and will return l!it^<Ctol<en at each call or identify that there are no further tokens in the 
'module Scanning results arc stWcd In |l«bal Variables, one of which is available for each primitive type of 
litcrai of tokejj that can be built f rom^Nwters. Tlie token encountered is categorized into a ms^or symbol 
class'^iWiilt'lcnotcs Hie^furt^^^^ type of the token, l.e., particular reserved word, comma, parenthesw 
etc StJuie of tliese fuiiUamonlal kinds arc further classinod to provide more detail. For example, a RIXOP 
or relational operator would be further classincd into liC^UAL, NOTUQUAL, LTHAN, OTHAN, etc. This 
dual classincation allows all major syntactic delimiters to be placed into a single PASCAL set, which is quite 
important in the error recovery process. 

The scanner is designed to work with the inforination fonnat of the CAMIL editor. Hie editor 
removes any leading blanks on source lines and packs tlie string length in characters and the number of 
leading blanks into the last two characters positions of the last word of the string. Tlie word size of die 
string is packid into the rightmost four hits of the first word and las^word of the string, whibh enables 
both the compiler and editor to identify the size and last word of the string. The strinp of sourc44rc 
bthenvise treated as part of a larp packed array of scvon^blt charactcra and thus the leftmost 56 bits of 
each word contain el^it scven-bit character nelds, A single word can thus contain up to a sbt^haracter 
string, while the lurgest siring can contain up to 120 characters. The foUr-bit word size field contains 0, ,1 5 



^ dfnotiiii a ilrif^vifenith of ftom 1. .1^ words. Slrice^the CAMIL character set can denote up ft) 256 
chari^i^.f asitla?^# »n feitiipf code (the LANG keyboard key) la used to switch from the permanent 128 
-Cl^iwWrrf to the Uitr»laad^^^^ 128 characters, The infrcqucncy of this alternaUon results In good packing 
rortfita within-theT^ \ 

The scannar M also responsible for cijnstructing the Irttemal rcprtfsciilatlon for textual displayi.ujed in 
screen d||play lentances. In this cane, the text is compfessed into a special six bit fnnnat essentially ready 
for Imn^diate release to the display tcrnilnal. In this mode, each line of ttie textuiil display, will be 
lift^juitiflid igiiMt ttmn^m in effect at tli^ Unie of display, Uiui acldevUig a v§ry clw relaiianihip 
between the appelrance of the text within the CAMIL prij^ain and Its flppcaranca on the screen when the 
program is exeguted. ^ ^ 

The iganner will enforce lexical rules for the cuinptmition of literals, such as jdentiflcri, numherSi.and 
strinp, and will also enforce semantic, rcstrlctinns such as the size of nunibcrSi limits on numeric precision, 
or /bit size for octal and hexadecirmi constants. Altlu)Ugfi a charBCtcr poiHier is not rndntained ixplldtly 
for Ipeed purpoaciis the current scan position wldiin the inurcp buffer is maiiitnined by the scanner and is 
used by the error reporting routine to construct the exact column position at which an error was detected. 
Upon reaching an end-of-mcKluic condition.thc scanner will return an cndKinmodulc token, artd if within a 
quoted string or similar token, it will produce an approprintfi error ^^^nessage. Tins is needed to handle the 
oc onal error of mismatched (|uutBtlt>ns or fjrilurr to close a cunnncnt and allows tlip compiler to limit 
the problenli tp the ni()dule in wliich the ern^^^ / . 

Dedaraticqi Conipj^ ^ 
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The dccjaratioD section Of the cntnpilcr is activated when pruceduic declarations are scannedAwhen 
private and shared data definition modules arc scanned, and at the bei^^ning (if each executable nioclule if. 
declarations are present. The resulls of any of tfiese activations are the creation of tree structured 
descriptions of any types declared in itic progrtfin, thu constructhui (if tlic symbtil table for idcntiflcrs 
defined in the declarations, and allocaiion of strnage to b on tain program v,ariabluH, BecauBC CAMIL 
constants and variables inay be initiali/cd, the dcclanitiun scctioM must also construct the run time 
V representation of initialled sttirage and provide n>r saving this infonnution. : r 

CAMIL provides ru> forward proccdiirc dL%l:iratioA. All P'^^^^ nuHlules defined on an editor 
directory page have their headings lotnted together in a single module of source text. The program editor 
provides a function key to allow the.authbr to edit the heading of a procedure while editing the body 
module and^l^eeps track of the locaUqh of eachtprucedure s heading within thiC single source module. The 
declaratiOTi processor reads this uric source rect)rd for every page of pi;occdirre' delcarations and enter^ all 
procedure declarations ihftp symbol tables prior t» cornpiling tlic body of any prucedurc. Thus aH ptucedure 
definitions are ji^ticossed prior to compiling any procedure references, eliminating the need for forward 
procedure declaration while^pertomung mlninial I/O to obtain this information, Module directories contain 
the names of segment type if^odules, and these nru also critcred into the symbol tables as available fabels to 
which con tro! may be transferred. ' 

The declaration section is next applicU t(\ all global level (private,shared) nmdule|-^- Since the basic 
fonnat of CAMIL declarations is <tyi^ specrtlcatiun> <namc list> lor any class of stbragc (constant, 
miable, name), a common TYFESPEC routine is^rovided for processing all type definitions while separate 
routines (VARDEC^ CONSTDEC, Snd NAMIipT^G) arc prnvidcd,for processing differing;rcquircnients 
fo; each of these storage classes* Because of the liniitt^d numbyr of base repsteh available on the CYBER, 
all addressing is absohite for global storage in CAMI^i As a co/sequence, if the size of preceding modules is 
changed by internal editing or rcdeflniUon of data within a pitccding module, subsequent modules and any 
modules which refer to difcrh will have to be rucunipilcd also tu obtain propei addressing, The declaration 
section must thus record the starting address assipied to each nwlule bccalise this affects t^c partial 
compiialion decision. 



Ayipl dcdaratkm is processed, lh« tYPKSPlit routine Is called to build the structural description 
of th^Apillad type. If explicit TWU Idemifies are encountered, tlili ^routine merely references the 
ejdstWpfRnltloti. If compound types m structured, such us ARRAYs, RKCORDS, or FILEs, a tree must 
be strudl^ed containing each of the imNWad types. A special routine, CO^PSrEC, is provided for record 
and proaadure headlnp since thcic m ntv complex In C^AMIL. Simple such as subranges, type 
identifim, and user denned clas|e3 art IwuIU^d liy a routine named PRIMTYPi;, meaning primitive typei 
wher^^ mcwt other coni pound types m li widlqd dir^gtly by TYPESPHC. The call to TYPESPEC returns a 
■ pointer to the typt deflnition, which will N mewly the head of tlie treip structure for comppund type 
dennliioni A routine called 60MI*TYPR \n svailablc to determine. wliether two types are comimtible and is 
med extanslvely during :eHecutable mAb conipihition to -clctcrnijnc .wheihor the types of two operands are 
agreeahlo or whether the type of an expressUjn tMicountere^ is the type .atulcipated. This routine is also used 
during 'ieclaratifni compilation to coTTipafti|^he ty^s of ^constant expressions used for initialization with the 
types of identifiers they are being used W tnf^lWl?^. 

A Mde function of the TYPIiSPHC nmMc i§ to detcnnine the sixe in words and bits needed to 
fcprcsent the indicated type of .cntity^/^vn ii type dcfmition requests that storage be packed, TYPESPEC 
will use knowledge of addressing rules t'^dcftermine the most efnclentlvay of packing data together to 
minimal to without sacrificing accessibility. TYPESPEC will return, in the re^uUing type information, jhe 
si^ of Ihc total definition Dncountereti, HiiB infuTmntion Is used by the allocation routines in VARDEC, 
CONSWRC^ and NAMEDEC to detcfniirie storage allocation fi)r the indicated defined identifleA. If an 
iWtiaU:/:ation expression is encountered, liXPRESSlON is called with the TYPESPEC of the idcntlfler to be 
^initialised ahd told to uttcfnpt to acccfM a constant uKpfession of the indicated type. If this attempt is 
: succc^l; kXPKESSION will have coifipMted tlic value of the cKprcssibn at compile time and placed the 
rgsultMig yaJut ul life address in the ubjcct code buffer correlated with variablo being declared. If no 
initialisation is fVnind, the compiler will ''^ero'' tfie associated size of storage in the object buffer. In this 
'manner, Values for all constants and imlUalU^d variables are generated as the declarations are compiled. If 
,upon completion of all dcchirations, all inltiul values arc zero (a very common situatipn)^ the compiler will 
... note this fadt in the modulu directory, m\m than saving the initial yalucs so the progrant' loader may use 
this infimiiation to initiali/e tlilrtiodulc data ureas tu ^ro. Bcenuse resulting initial values are built into the 
code buffer, data areas are currently liTnUcd to the size of the code buffer, but minor modincations could 
move this bufler to ECS, allowing it to c^pnrKl considerably in size. 

Declarations local to a proccAhnu or scgnicnt arc located at the be^nning of^he body and are^ 
compiled l?y cailin^^ DliCLAKATION \m every module. The same process described above takes place with 
^ the e)(&ptifm (liat the PASt^AL hcftp rnrjrkcd prior to activating DECLARATION. Since any items 
defined locally are unknown outside of ihc body, any type data or symbol table entries created inside 
DECLARATION arc not needed after it \m been compiled. Thus space allocated for this purpose can be 
relumed a iter 'the module has been cdrnpilcd, Ycducing the total space requWmerit^fpr compilation, 

' Slatoment Conipiler \ ^- ■ / / ' 

Tlie executable statcnienl secticm mm\m of a inanager routine, STATEMENT, that identifles which 
type of !jt;Ucn\unt is being conipiled, arid a wi of procedures which each recognize and compile one type of 
CAMIL sirtitefrtent. Each of thesu routines rocursively cnlis the EXPRESSION or STATEMENT routine to 
compile dmbeddcd c^prcs^ionR or statemariiis. Kaeh routine is rciponsible for consuming an entire statemer^ 
^of the type in w^l):lt ^pbciali/us and rccoyutiny fmnv any errors which are found in the staten\fer>t*v|T 
compiles, if) o^kfr to prevent any statQinom ioutine it calls recursively from running away and consuming 
part of the statement handled by tlWcalSifi|;outifie,*^ At of stop tokens ii passed recipively/downThrough 
the calls. Each rnutine called adds itrO^fi Mop iynibuh to the set. it receives and pisses the result to any 
rouime K calls. No called routine' fuay c;if05S i^ny joken ln;this stoj^s^t whfle recoveringfrom syntax erroii. 
unless the tokcn^ could Ic^timiitely M(m% \Q the statenicnt conipiled by the called rqiiline. Inthis mamjj^ 
umltiple errors which iiiight be caused by ''oytini^'' iinportant reserved words, such ar''EN,p*\ "DO", jW 
arc ^ipnilkanllv reduced. Special logic lu treat c<)niitic^mly;;cncpantcfeif:^ has been easily added to 



the statenieiit recogiiiiing routines since each may be Individually tailored without altering the com 
awhoU. 

Each itstement in CAMIL may proS'ide uriique opportunities for local optimization of the machine 
code. For fxample, in the IF statenient, after ex^utirig the selector expression, machine registers will 
contain the same Infofniation reprdlesi of whether the THEN or ELSE statenient is selected. The IF 
statement routine takes advantage of this fact by compiling code for both statcnients ai thougli the 
variables used in thf salector expression are available in repsteK.Tlus requires the IF stateni en t routine to 
save ihi repster status after EXPRESSION is called to compile the selector and to assert tliis inforntation as 
STA.TEKIENT is called for both the THEN and ELSE statefnciits. Thus unnecessary reloading of registers 
ntiay be avoided for both imbedded statements. In a similar manner, all other routines wliich compile 
statements perform various depees of optimization as possible to imprDve the size and execution speed of 
code. Since this optimisation is accomplished as the code is being gcneratedi no subsequent pptinii^ation 
pass is needed and Inforfnation about the expressions need not be saved for long periods of time, 

-. The instruction set for the CYBER coiuputer does not provide a relocatable conditional Jump 
statement. The effect .of this shortcomingis that branch instructions generated to iniplenient itaterneiits 
such as IF-THEN>ELSE, CA.S&DO^ELSE, F0R^FRONiTOBV"»WIlLEiJNTlLW file- 
operation-ELSE, and JUDGE-ELSE must be generated with knowledge of the absolute address v^here tlie 
code wi\ reside at run time, ora relncatingloader must be used to modify tiie code prior to execution. The 
CAMIL compiler uses absolute addressing, thus eliminating the need for code niodification by aloadii^but 
creating the, potential problem of mapping code into the proper location. This pri>i3leni is solved by 
generating code as though all segments and all procedures execute In the sainearea of central nieniory. 
Since only one segment is ever executing at a~tinie, this causes no problem ^vith scgmeiits. However several 
procedures can be executing sirriidtancously, so a solution is icaclicd by adUiJig a swapping actior) each time 
a procedure is called or returns^ When one, procqdure calls another, the called procedure is swapped in from 
ECS onto the code for the calling procedure. Siniilarly, w\m\ it returns, the calling procedure will be 
swapped back in. Since the CYBER can s%vap memory- approximately 10 tlni^ faster than it can execnte 
code, the resulting overhead is quite low and is often necessary to perrorni anyway sincfe the program is 
constantly being swapped into central nicniory for tinie-sharing purposes. 

E^s^prffsujn Compiler ' ' 

Tlie expression section of the compiler is responsible for the computation of all constant eKpreHsions 
afid for the generation of macliine code fu. ^11 coniputable expressions. The iniplcniefitatibn of procedure 
calls in CAMIL further requires that the ejcpression routine generate nil procedure calls, sentence calls, 
function callSj and jdl user declared prefoc, infix, and postfi?^ opera tors. 

CAMIL resolves all expressions or subexpressions involving constants at oornpilc time, This nimns 
that any time the expression routine finds t%¥0 constant operands and an operator, it will nierely replace 
these with the result obtained from executing the operator on the operands, Sirice tlie cnnipiler nnis on the 
same machine as CAMIL, ihc result is identical to executing the code at mn time. This means that coni]iex. 
CKpressions involving coristants niay be used to define other constants ar to assign values to variables, ^ince 
CAMIL allows niultivalued data types, siicli as arrays and records, it also provides ninltlvalued constants to 
Use as values for these data types. To reduce the character si^^ of these ejcpressions, a repeat operator is 
available to denote the repetition of a particular record field or array cell value. WTien theie expressions arc 
constants used for initiali?.ation, the resulting inultiple words of nieniory are defined by the conipileraiul 
an assipiment becomes merely a multiword copy rather than code to pack all of i\\em n«lds, thus saving u 
large quantity of code space. 

The expression routine also generates the machine code toe reatu niultivalued expressions such as are 
used as the values of records or arrays. The CAMIL declaration section genera tcs identical siructual 
ciefinitlons for procedure paraineter lists and record neld lists svlth the result that any type of prxicedure 
call, i^e., operator, function call, sentence, regular call, is cffectivtiy an nperator acting on a single record of 
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the ivpe of the paminelcr list. The manutuclure of sucli items on the slack is peftornied by a routine called 
composed cxfttnim ( "COMPBXI^R"), This routine is the heart of all procedure call activity and is t lie 
niosl complex routine ,n the C MIL coiiipller, Because a record etc may contain OmONAL ndds which 
may or ina>- not be present ^ OMPliMl'R must repeatedly try f match the types of escprcss.on it r 
eacountcrinp with the altowabiw types ufi-xinession which may appear in any field position. It is this 
facility which provides the tlexibility which allows the higlily complex "write" and '-accept' seutcnces of 
CAMIL to bedehned in CAMIL rather than being hand-coded into the compileraslsconimonly dnne loi 
I/O slatciTients. Poing it this my also makes this power available to users tor p«rtorining their own 
oxtei'sloiis of the languiige, 

The cmposcd e.'^pression routine also perlnriiis another very impOTJant iunction needed to support 
11,0 sentence ejltciis.hility Icaturc. WIhmi a procedure or record detlnitiun indudcs a variant delimtwii such 
as ; 

CASE PKlMTtPt P 

INFI •'INTE&tH P; 

:HNt ^CHAR c^; 
CHDl 

where J'RlMTVI'l; is class cont;mun^- INI .NUM. a.ul C'llH, then wj^r CONu'liXPR composes an 
ex prL'SSiOi'i such- as 

I , , . . f 3 ? « S 6 f • ' • • ' 
h, which the nun, her ^7 % mils into corresp. .nden.e with the vmiant iield, not only will the value of 37.56 
h' assi-ucd to "the v;,riar.t hnt tli. val -le of the eoirespondinp. tap "NU M"' will he assigned to tield p , 
When ^.ch :i vuri^nit ddhution ,s used i o .detme the p.rnineters ol a procedure call o r setiteuce ohj«^^ 
restdtnu' romine may be called with an v ot th. allownhle types such as INll-Cm, rSUMIihR, or CHAR, 
:„Hl thc'procodnre ,aii identilv wlun type ol piuninctc. svas passed to it bvexainining !hclicld"p , UsmB a 
denrilum like this, the oh|cct nl a s entence sueli as "write" ,s deliried as do array ol records each 
conl hiuiiy .Mie ..plum.d viina.ii tkhl ol the (.eneral type included above. Thus nscre at "write may call 'he 
rontnie with any ol the allowable variants and the con.piler tells the svrite mntincthe type of eachot.the 
arMMfnenls pass(-.i thrcumh the CASl: vana.it selector variable "p". The routine can ot couise branch 
appropriately <m this type tn CAMll ^ode to convert and prn.t each of the allowable types, Since the 
elenrents of" this arrav arc optional, the CAMIL program can also test to sec ho^ many ot the anay 
den. en is have act ually been eoini>osed :snd thu."; oirly process the elements w hich have actually been passed. 
COMPhXl'k supports this by settiun a lieUl in the reeord which can he tested .villi the CAMIL 
ojiei .itor 1 0 see if the cot resiioiuling optional licld is Nil 

rhe LM'RhSSlON i.uitine is li ir.hlv dopendeiit on three otiiei imihnes, lOM), ,STDRL, arid 
ShII't'inR lor ohlaiuinii and rrtiiriung the operands it eoinputes. I'oi compahbility with PASCAL tor 
data aiialvsH purposes, these routines weic obtained hv inodlivin(> the coriespondi lift roiitnies m the 
I'ASC'Al eompilei (leleience :) to he nnupatible svrtii CAMII. absolute a ddressiiig reMUireinents.- In this 



manner i t is'possible to wnte ( A Ml 1 .iirII'ASC Al record dclniitums which esaclly nUiteh nuuldtessing 
liehl for Held This makes it possihie to wnteCAMIT pro!-rains lor i nteractrve es^ccut ion which record data 
for nnalysis h> batch PASCAI proi^ranis. Tins is exactly the luethod used by the C \M1L program cchtor 
when it creates tnograur direclones wliicli arc in turn used bv the CAMIL eompilei and print programs. 
L XPUl -SS;t )N is actn.illv coniposed of live levels of recnmivcly aetlvuted procenhires vvlucb each iniiiJeiiient 
the operators which oecu. on live dilferenr pieeedenee levels. ShLLCTOR is used to generate the code 
,u-eessary u^eolcuh.te ,n rav, i eenul, or name leleiences, while LOAH and SlORliw-ncnite code to actually 
place the rl'^^ted opeiand into a regislei oi insert it into nienu.rv. Since fAMll, prewidesflmt existing 
0|.er,ilius may h- e sf'eiided to new usei definedtvpes while lotaininK their iiornial pieeedenee, eaeh level ol 
operaUM must alsovlieek h>r the piescice o| use, ledethntions ol the opera toi heluie rejecting an 



cxpre|iion. rh&ie opifators implement the numerpiis CAMIL biiUtan operaton such as "line", **cor\ 
"mln*', *-S^" whicii are used to produce the highly readable CAMIL sentences, 



V. CAMaEXECmiOW SUPPORT SYSTEM 

The CAMIL run tiiTie environment consists of a collection, of prograins and routines ^v^itte^n in 
PMCAL, COMPA^SSp FPU COMPASS, and CkMJL. While ejcecuting, the system □ccupies three, batch 
control poiiits C Inclutlirig the compiler coutrol point), three peripheral proccssofs, and SCOPE operating 
-^ ^ysteni inodifications. Bach of the six basic programs (thiee batch programs and three peripheral programs) 
are separate prOQes^sei, and communication betwecii the processes is accomplished through ECS and 
canteral memory buffers. The basic components of the system (e^ccludiiigthe compiler) are: 

L The terminal driver program: **DRI^^ER"' 

2. The CAMIL execution prograni: ^^EXECUTER" 

3. The CAMIL File Manager, 

4* The peripheral routines: ^ 

a. The terminal communlciitions prograni 1 "INO" 

h. The CAMIL program timer: 'TPSiM" 

sL. . The CAMIL disk interface program: *'1>AB*' 
S. SCOPE operating system modincations, 

rerniiml P^rivcr 

The basic functiori of the terminal driver prograni is ti) provide tliegapabiJity ofcummiinicatiiig with 
the terniijiaJs. The central memory driver pro-am is needed tc^ annlyze the keypresses and perform the higli 
level asynchronous Liiierface betvveen the termimals aiid the CAMIL programs. However, the central 
meinory program is incapable of direct coiumunicatiun witht he I/O channels connected to the tcnnijials, 
so another process is required. The driver program coinmimicates ^ith aperipherol routine (INO) through 
central meinory buffers so tliat all termirial coniniunications are taken for graiited in the central meniory 
prografTi. The peripheral routine, In turn, perfprnistlic actual data link between the central inemory buffers 
and tile terminals throu^i the proper I/O channels. 

The terniinal driver^ '^DRIVER'' occu^es one of the batch control points andiswitten mainly in 
Pascal ^Vith a fc^ COMPASS packing routines. It is broken into the following sections: 

1 . Initializat ion sect ion, 

2. Key input section. 

3. Cgmniunicatlan section. 

4. feuning section. 

5. Job scheduler, 

6 . flu tc h flic n 1 lyi age r sec t i ii n , 

Each section is basiCiilly a separatu suction, hut some interaction dcxjs occur betNvecn tlicjob schodiilcr and 
other sections. The sections are imt^cniented as sin^c procedure calls for each section ^ so the main block of 
the driver calls each of the different sections, 

luitiailKlition Si'ctlon 

Ttie initiidi/atiDn section performs the initiaH^itions of the variublcs used by DRIVER and also 
initiaIi^es lO which \% shared with LXHCUTOR. The initiiilizutiom are acconiplished by having the driver 
cull a peripheriil routine to initiate luiother job at the execute r coiitrol point which shares the (Lriver KCS 
area. The Job then initializes UCS and aUn places (ill of the variable initializations into HCS aiidthe driver 
just does ttme KCS read to imtiali/e all of its viiriables. Once liII of the required iniliall^ations are completed/ 
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DRTVER ipin cm a ptriphef^ routine to iidtiate EKECirTER at Its proper control point ihd then waits 
unttt EJffiClITER completes its own initializations, it which time the lyitern ii active. ^ 

'fay Input Sietten 

The key input section of DRIVER interroptes the incomtag keys from the tennmals. DRIVER y^m 
eeho,buffer, or Ignori the Incoming .keys depending on the state of the propam for the oonesponding 
temind, The key section supporti features in the accept sentence which; 

1 . Allow the user to Umlt the number of keys which miy be accepted. 

2. Process the reiponsa when a specified nurn^r of keys have been accepted, 

3. linut the keys to upper or lower caia letters or to dlpts= 

4. ftoWbit keys from automatic' echo, 

5. InWblt the automatic response input anow. 

6., Accept input from the touch panel (a rectangular ring of infrared U^t en^tting diDdes along the 
top and one side of the panfl face with corresponding sensors on the oppodte sides, which can detect a 
finger touching the screen at 256 discreta areas formed by the intersection of 16 vertical anri 16 hQri2ontai 
light bearns). 

7, Schedule input automatic Jly upon each keypress to support repra^entative echoing of keys 
pressed In a mariner selected by the propam author. The key lection also intercepts active function keys 
and processes the synchronous or asynchronous meaning of ihmt keyi if they are currently defined. 

Coniinmication Section 

The communication section of DRIVER raceives messages froni the CAMIL progruns executing in 
EXECUTER. The typical messages sent to DRIVER Indicate sonie type of action the job is waiting on: 
such as user input, a pause, a Ole opeUtion, or just another tlnie slice. DRIVER will decide what the job is 
waiting on and will perform actioni requested by the job. A job which is jequesting a new time slice will be 
sent to the scheduler, where it will be assiped a priority according to its utihMtion ^ate. 

Framing Sectiou 

Tlie framing section of DRIVER is a synchronous routine whJch must emit output for the terminal 
interface program IMO every l/60th of a second. Each ferniind can receive at most one 20-bit parcel every 
l/60th of a second, so the franier nui^t break down the output going to the termmals Into these 20-bit 
parcels. It must also keep track of wliat parcels have been sent and to which temiinal each parcel is to go. 
Wlien a terminal detects a parity error in a parcel it receives, it^ fejects the parcel and begins transmitting 
data .to the central interface unit that it has done so. The franier'recopiizcs this condition and requests that 
the tcnninal tell hiin the number of the last frame . tiiwtlv received. DRIVER then resumes transmi^lon 
wilh thii parcel, thus insuring that no data are lost at Me tfrminal. 

Job Sc|ieduler , 

Tlie scheduling section of DRIVER contains three separate queues for scheduling CAidIL joW, A job 
is placed in one of the queues, first depending on the reason th& Job is being scheduled (keypresses being a 
top priority) and secondly depending on the utilization rate of the job in processing ininiseconds par 
raal-time seconds. Jobs with low utilization rates (< 5 ini/scc)are placed into the top priority*^eu€ Jobs 
whose rate is < 10 nis/sec go into tlia ncKt queue, and the rest of the jobs are placed into the final queue. If 
a job utUization rate is > 15 ms/sec, it ts placed into a wait queue for m long as it takes to lower the 
utilization rate to < 15 ms/sec. This helps keep CA.MIL prograni response times consistent wnth each 
execution and less dependent on tlie system load. 

Jobs are n^moved from these queues by DRIVER and placed into an execution array which is 
monitored by EXECIITER as space is made available in the array tlirough the execution of jobs already in 



the anay by EXECUTER. HU^est priority joh (tiiQ first queue) are ^ven three slots in this array bacause 
of thdr lo«? utilization rates. The next two slots ari^ for jobs froin the iecond queue (only two slots due to a 
W^er utilisation rate), and the last queue gets orUy one execuaon slot. A simulation of tiiii queueing 
system (Reference 5) shows that the response time ^ do not deteriorate siplflcafitly as lyiteni load increases 
becauae utilization rates are limited and prionty is pven to jobs uang «duced CPU time. 

Having the scheduler within the driver prog am allows the driver to schedule CAMIL prograins A\4ien 
their accept or pauir criteria have been met, and :o dlow a fast response to user key inputs by pving them 
a high priDrity. ITie imbedded scheduler dso allows the driver program to initiate a new CAMIL job (known 
when a keypress arriyes from a terminal not yet lefined to the system) arid to schedule the CAMiy batch 
file manager propam (when I/O requests from a b itch job are requested) 

Batch File Manager Section 

Requests for CAMIL file manager operatior rare placed into a central nieiiiory buffer in the driver by 
the . SCOPE file manager modifications. There is a CAMIL job assodated with each batch control point, 
which the driver schedules each time a file majiager request is received from its associated control point; 
The CAMIL job then calls on the file manager to complete the batch job ffle manager request. When the 
request has been satisfied^ the CAMIL propam iiotifi^ the driver that it hascoinpleted the file operatiorij 
and the dirver then suspends the CAMIL job uni il another request is made. A sunpl? modification to the 
SCOPE scheduler prevents the batch requesting urogram from further executiuu !inti the I/O request has 
been accornpUshed by CAMIL, 

Executer 



The *'EXECUTER" program occupies the other control point of the CAME^ mn time environment* 
EXECUTER operates in two modes: system and user. The system mode, of EXECUTER perfornis the 
system initializations and swapping of the CAMIL programs. CAMIL prograins execute" in the user modej 
aftej the system mode swaps in the job. 

The EXECUTER is written mainJy in PA^iCAL, with soma routine^ and CAMIL primitives written In 

glared in COMPASS to guarantee that the CAMIL propam 
space even though^ the relative addresses of EXECUTER 
POO octal words of central memory space, which includes 



COMPASS. The CAME, propam area is also de 
area is always in the same absolute memory 
variables may change. EXECUTER occupies 55 



all static memory requirements for 60 CAMIL jobs. 



System Mode 

The system mode of EXECUTER has its 



own memory space located for the run time stack of the 



rm the swapping of CAMIL propams. Once a CAMIL job is 
to perform any necessary swapping to execute the CAMIL 



system. System' tables a_nd variables which are st sred in central memory are directly accessible to tlie system 
mode. Also contained in this area are the addre ;s tables of system infonnation which ii stored In ECS, such 
as program control blocks, system routinei, an 1 system shared variables. The syiteni mode of EXECUTER 
is broken into three procedures: swapin procedure, swapout procedure, function key processing procedure^ 
and one mdn program block. 

J The swapin and swapout procedures perft^r 
scheduled, the swapping procedures are, called 
Job. 

Before control is passed to the CAMIL program, the function key procedure is called if the job is 
being scheduled due to a function key press, ""he function key p^cedurc will search through the program 
mn time stack to find the latest activation of the pressed function key. Once the activation of the function 
key is found, the function key processor wiU ijiwind,the stack (if necessary) to the function key activation 
level, and set the return address to the functicpn key deflnition address. Thus when control is passed to the 
CAMIL program, the function key processing qode is executed. 



Hie mA program section EXECUTER searches the execution array (which the DRtVER flUs)=for 
' CANIl job! t6 execute/When EXECUTER finds a job to execute, the proper prqcedMres are caUed to 
swapdiJt the* previous job (if nece^ary), swapin the new job (if necessary), and perfonn my function key 
piocessing (if neceisary). Control Is then pa^edto the CAMIL program; and the EXECUTER enters the 
^ i^ermode. WOien die CAMIL propam re eiiteis the system mode, EXECUTER searches for more jobi to 
swapin,^ 

' After learchtiig the executioft mly , EXECUTER wHl check the nie operatiori pointers to see if any 
physical I/O operationi have been completed. If there have been, EXECUTER vrtU swapin the jobs that 
have had any I/O oparations completad. Whpn die EKECUTER has no more jobs to execute and no I/O 
opefations have been completed, it relinquish^ the prw:essor to allow the compiler and batch jobs to have 
chances for the processor. i 

User Mode . 

The user mode of the EXECUTER uses the CAIAIL prograin run time staclc for variable storage. The 
CAMLl prograni is swapped into a section of EXECuf ER central memory space and pven control of the 
processor. When the CAMIL propam is s^^apped into central memory, the timing routine is notified4o 
bepn timing the processor usage of the CAillL program. The CAMIL program is than ^owed full control 
of the processor and must voluntarily relinquish the processor back to the EXECUTER. If the CAMIL 
program does not release the processor before its tirtia slice qnds/the timing routine notifies the CAMIL 
prograin to release control of the processor by setting a flag which Oie CAMIL program automatically 
queries through code generated "at points ^here the propam might otherwise enter an endlessloop. 

The CAMIL lanpage has many built-in primitrves which need to be accesiible to tjie user program. 
Most of the primitives could be coded in CAWIL Itself, and many are, but for effldency sake, there are also 
some coded Ln COMPASS and PASCAL. 

The CAMIL primitives which are coded in COMPASS include the arithmetic functions (SIN,COS, 
etc/), tile manager linkage, procedure calling En kage, string operators (concatenate, search, etc), and 
conversion routines (string to integer, integer to string, etc). Unkage is made to these COMPASS primUives 
through special handling in the compilor which places the parameters in special regsters. The JUDGING 
primitives, reprieve lope, and control Xransfers (systerTi=*^user mode) are also written in COMPASS, The 
total set of COMPASS primitives occupies 2,316 octal words. 

Some of CAMIL primitives are progTanimed in the PASCAL language and are physically located 
within the ^ EXECUTER support prograrTi The linkage to these procedures Is similar to normal CAMIL 
procedure linkage so that the compiler need only make a minor change in the namid prdcedure calling 
sequence to call a PASCAL primitive. The local variables of the PASCAL primitives are placed onto the user 
run tinic stack in the same manner that local variables of CAMIL procedures are added to the stack. 
Because PASCAL procedures do not have code compaed in to check the CAMIL time slice flag, those 
criticaJ routines which may use resources coiTimon to all programs will not be interrupted until they have 
completed an entire logical process, althougli their execution time will be allocated to the CAMIL propam 
calling then]. The tile manager, write sentence, accept sentence, and procedure and segment swapping are all 
implemented as PASCAL procedures. 

Most of the CAMIL primitives are bitten in CAMIL itself. These procedures are stored in a section of 
ECS which is reserved for system procedures. When a system procedure is called, the procedure swapping 
rnechanisni sees that the called procedure is a system procedure and swaps it in tigp the system procedure 
area, The system procedures also have □ special central nKmory area which they a^^apped into. This is to 
allow the system procedures to reside in central meniory longer and reduce s\v^pping. Some of the 
prirriltives which arc implemented us CAMlL procedures are write large, circle, drasv, erase, slide, echo, ok, 
no, siEed, pause, connect, dots, external, and all of the system functions available with the AUTHOR key 
(monitor, talk, autopsy, etc.)^ The write sentence has not heen made a CAMIL procedure due to the many 
procedures used by the write sentence, necuuse the write sentence is used quite frequently, and many 
procedure swaps would be necessary lor each call of the wiite sentence, It is resident in central memory as a 
PASCAL procedure. 
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Because the CAMIL code is machine code, niode errors beconie possible du? toinipropBrarltiimetic 
oparM^* T^e reprieve' logic of EXECUTER peffornis an interroption of any mode errors. If EKECyTER 
was in the user modi (a CAME, propam wii running) when the error occurred, the autopsy routine would 
be called to store data for an autopsy of the program. The CAMIL code also provides run time Qrror 
checking of pointer values^ anay subscripts, and lubrange values. The reprieve lo^c mmi also check for a 
mode error caused by run time arithmetic errors and properly report the causa of the error whan it can be 
determined (the CYBER eomputer doernot detect certain integer overflow errors), The cprnpiler assists In 
the detection of lopcal enors by compiling code to check for the conditions mentioned above by compling 
a jump conditional on the checked for condition. Bather than generating a jump to a specinc error 
processing routine, the comialer creates an address field in the jump instruction to a nonexistent address, 
consisting of a high order address bit (to force nonexistence) followed by the line number in the propam 
and the logical error number, all of which will fit into the IS^bit address field used in the CYBER 
computer. The resulting pseudo address causes the processor to halt and the CAMIL reprieve processor can 
then decode the *Taulty" instruction into its actual meaning. Encoding the test in this nianner saves more 
than 30-bits each time this type of test is performed and allows error messages to be related to the line in 
the CAMrL source propam at which the error occurred. 

File Manager 

The CAMIL File Manager System is a completely closed ffle system (only accessible tlirough the 
CAMIL system) and capable of handUng many different file operations. Hie basic concepts of the file 
system are; to allow multiple access to nies (any file can be accessed by more than one user); to provide a 
stmctured ' file cpncept (the compiler knows the formal definition of aU the files in the system, so file use in 
pro-ams rruist be consistent with the formal definition of the file); to provide indexLng, direct access, and 
.variable length fLles in an efficient manner; to allow batch programs to commuiucate with the CAMIL file 
system; and to provide a simple and uncompromisable file security system, AU of the goals of the file 
system have been met, providing a powerfuU ^Ticient, ajid secure file system. 

Tli^^ basic lo^c of the fiie system is cantained in one procedure (witli nested inner procedures), and it 
resides In the CAMIL cKecuter program. Other components of the tile system are: the peripheral routine to 
communicate with the 844 disk controller, and CP monitor modifications and driver program linkage (to 
schedule the special CAMIL batch file manaier iuierface program) to allow batch programs to comniunicate 
with the CAMIL data base. 

The basic design of the CAMIL file system is such that it provides a powerful fde concept in the most 
efficient manner possible. Some of the file constructs were limited from the original implementation in 
order to keep the file system efficient, but sufficient nexibility was insured to perform all of tlie 'desired 
operations. This type of unplementation strategy led to a higlily successful and easy to maintain file system. 

All but an Insi^ificant portion of the file manager lope is programmed in PASCAL and Is resident in 
the EXECUTER program. The lope is broken into small procedures to perform each of the different file 
operations"(READ, WRITE, DELETE, etc). Tliese procedures in turn share other common procedures to 
perfomi operations such as record number verification, physical bilffer allocation, and physical disk I/O. 
Each job which requests u file operation enters the re entrant file manager code, arid since the file manager 
code ^xecutes in user mode, all of the needed local file variables are placed onto the CAMIL run time stack. 
Because the PASCAL file ma_nager code cannot be interrupted by another CAMIL Job (the PASCAL cod^ 
decides when to reUnquish control), no synchronisation is necessary between jot^s requestim 
operations, ' 

Because the file system is shared, all current infonnation about system files is kept in ECS^fliis 
allows all of the jobs requesting file aperations access to the information without the need to reserve 
storage space in the run time stack of each job. The system file dennitions for each file defined in the 
CAMIL system are stored in ECS. so that a fUe request can easily be verified without a disk request. Also 
while a file is open, all of the extra information which is needed for an open file (buFfers, bit maps, etc) is 
contained in ECS and referenced through the resident file inrorniation. 
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There are three types of files: direct access, indexed, and variable length files (though direct access 
and indexed filei ctfn accassed- sequentially). The most common type of files are the direct access files. 
Dirert access files provide the clpabillty of accesang fixed length records at very high speeds. This is 
accomplished by being able to compute the physical isk address from any given file address, so that the 
only physical I/O requdred (sometinies none is it the record happens to be in a buffer) is the actual data 
transfer (note: The record bit maps must also be ^cked up to 'disk when writing a new record, but the 
backup operation is part oFa an^e I/O request), Bedause direct access files allow packing of records (more 
than one record per physical block), two physical operations could occur for a write file operation on a 
packed direct access file (one to read the physical block, insert the new flata, and then write the physicd 
block' back out). 

The indexed files are desired to provide a hJ^' speed indexing method to stnict^ied files. They are 
fixed length records (preferably small records), and the entire file resides in ECS. The^fore no physical 
requests are necessary fpr read operations, and only one request (to back up the file Qn/tfsk) is required for 
vvrite operations. The typical use of an indexing file is for indexing purposes. The record associated with the 
desired index may cpntain. access flap, status sets, and direct access file addresses. The direct access fB^ 
addresses are used to associate data located in direct access fUes with the specific index. The direct acce^a 
address can then be used during the processing of data associated witlj the cunent index so that all further 
file operations are as efficient as possible using computable disk addresses. This approach eliminates the 
need for index searches and index blocks (which consume time, space, anB disk accesses) without imposing 
any real burden on the propammer. 

Variable length files provide a means of storing records of variable lengths. They are similar to direct 
access files in that disk addresses are directly computed from the addresses of the records. The main 
difference is that one cannot direct where a record is to be stored when writing out a record; instead the file 
manager assigns a new record number each time a record is written; Also, it wUl delete the old record (if 
rewdting a record). This is necessary because it may not be possible to fit a rec^ird back into the same 
record position it came from (the record could become larger), so the fde mmiag^f wiU automatically delete 
the old record and insert a new one, returning the new record's address. The ni^^er of necessary physical 
I/O request! per record access is at most one per request (none if the record is already in a buffer), since all 
disk addresses are computable and the disk driver routine will read in^only the needed number of sectors for 
variable record read^. As with the direjct access write operations, backup of record bit maps is ^so part of a 
write request; thus, only one pause for physical 1/0 is necessary per operation, although mere than one 
transfer may take place, ! 

The file manager has its own peripheral routine to handle all of the CAMIL data base requests; 
therefore, the disk addresses computed by the file manager are directly handled by this routine. It is the use 
of tliis special routine which also allows the record bit maps to be stored in the same request as a wriie 
request, thus cutting down on swappLng and waiting time overhead of producing two physical requests. The 
data path between the peripheral routine and the file manager is also minimized since the peripheral routine 
transfers the data directly to or from the file ECS buffer. 

Requests from a batch job requesting a file manager operation are processed identically to CAMIL file 
manuger requests except for the data transfer portion. When data are to be transferred to or from the batch 
program, the CP monitor modifications are called to perfonTi the transfer. In CP monitor, the data are 
siinply transferred directly to or from tha file ECS buffer from or to the batch program ^fflral memory 
buffer. Thus the data .are transferred in a most efficient manner between fde ECS buffer aiM batch central 
meniory buffer without any need of transfer buffers or extra movement of data. 0 

For each file manager request that a propam makes, the file manager checks to see if the program has 
permission to perform the requested operation. If the propam does not have the proper authorization, a. 
file security error Is generated and the operation does not occur. File security is accomplislied by 
associating a program name with a set of permissible file operations. Each program which is to have its own 
set of access privileges to u file must be placed in the file security list by the FILEEbiT program. A default 
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set of parmissible file operations can also be specified, In which case any pTOgram without special privileges 
to a flli would assume. In this way a fde can have a nondestructive set qf default privileges so that other 
propams can be allowed to inspect the rtle without pving specific read permission to each Individual 
propam. Because the file inmager operations are deflned in the PASCAL compiler as well as in tiie CAMIL 
compler, the file security hy prop^am narae also holds for batch file manager requests. Because of this, and 
the fact that only CAMIL and PASCAL proparns can access the data base, the security of the CAME, data 
base cannot be compromised by any method, since only specified propams can be authorized to access 
data base files, and there are no passwords which can be stolen » 

OpCTating System Interfax 

The most extensive modifications to the SCOPE central memory monitor pro|nm have been made to 
allow batch jobs to communicate with the CAMIL file manager system. These modifications are 
incorporated into the RA+1 section of the CP monitor because of the expected frequency of use of the file 
manager requests. 

A batchJob issues a request to the CAMIL file manager by calUng DIO (resident in R4+1) which ^ 
passes pertinent file information to a batch file buffer in the driver, (The batch job is suspended untfl the 
file manager completes the request, at which time the job is resumed.) The driver then schadules a CAMIL 
job which calls the file manager routirte to perform the relevant file operations. 

The file manager handles batch and CAMIL file manager operations in a slmflar manner, except when 
transferring the actual data to or from the propam*s buffer. In the CAMIL case, the file manager can 
sirnply read , or write from the file ECS buffer Into the program central memory buffer. The batch case 
however requires a cdl to "ITO" (RA+1 resident) to perform the trarisfer between ECS and central 
memory (the centril memory space belonp to the batch job). In both tiie batch and CAML case, however, 
the dafa are transferred betweeri ECS and central memory only once. 

' The CAMIL system also requires special scheduling of the driver, EXECUTER, and the compiler. The 
driver must always have the top priority of any job ^ lie computer because of its synchronous nature. The 
E^CUTER is next on the list of special priorities, suice an interactive job requires a faster response than a 
batch job. The comber must also be given a priority over batch jobs, since an interactive user is ¥^iting for 
the results of the compilation. Modifications to the SCOPE scheduler were made to accomplish the special 
scheduling reciuiremants with minimum interfeienca with the normal scheduling of batch jobs. 

Peripheral Pr oc^sor Routine 

INO 

To communicate with the terminals, two channels are dedicated to the system terminal hardware 
interface units. The 'MNO'* PPU routine commiJicites between the driver and terminal hardware interface 
units through central mg mory and the data channels, respectively. 

One channel is deicated as m input channel. The INO routine queries the channel for incoming keys. 
When a key is received from a termind, the hardware will place the key (along with the terminal number 
the key came from) on the channel, INQ will then piace the incoming information (assuming no parity 
errors occur) into a circular central memory key buffer in the driver. The driver property responds to the 
key strokes, either echoing or buffering, etc., depanding on the state of the propam- running at that 
particular terminaL 

The output channel operates in asynchronous niode, since the terminal hardware requires output for 
the terminds every l/60th of a second.^The output channel can send each tertninaJ only one 20-bit parcel 
each l/60th of a second. , INO awakens the driver to prepare a stream of these parcels, encoded witlr 
te^inal number and data, to meet the terminaJ hardware demands. Even if no data are to be sent to a 
.termini, the hardware demandf at least one parcel to be sent to an undefined temilnal every l/60th of a 
secona. 



Once the driver has created a stream of parcels to be sent to the terminals, INO reads the information 
from central memory and then tr^sfers the information over the output channel to the terminal hardware 
interface unit. The interface unit breaks down the infomiation and sends the data to the proper terminals, 
■ ' ' .1 

DAB^ ^ ^ . 

The CAMIL ^a base is totally separated from the SCOPE file system, 'Diii separation was 
accomplished by developing a new I/O routine which processes all CAMIL dat^ base requests, TTiis routine 
commumcates with the CAMIL executer througli a request buffer which is propared and monitor|d by 
executer. The new routine transfers data from the CAMiL data base on disk directly into a data buffer in 
ECS where it is retrieved by the requesting program as soon as it can be rescheduled/This eliminated much 
of the overhead and unneeded data shuffling incurred with the CDC supplied software. It also provided 
peater isolation between the two systems (CAMIL and SCOPE). The drives used ftr the CAMIL data base 
are not known to the SCOPE system, and the tw% systems are thus mutually inaccessible, eKCept th_rough 
propams capable of attaching to both data bases. 

Data base I/O requests are handled on a first In, first out basis. File manager (FM) determines when a 
physical I/O request will be needed to satisfy a CAMIL, request for data. File manager constmcts this 
request and places it into the DAB request buffer. EssentiaJ Items in the request are the logical pack 
number, cyHnder number, initial sector number, the source/destination ECS address, and the number of 
sectors requested (for fixed length records). ^■ 

The CAMIL data base consists of up to eight 844 disk packs. Each pack has a lopcal pack number (0 
to 7) and a pack name. Each pack is considered by FM to be error free. FM sees a pack as 410(0 to 409) 
cylinders of usable space. Each cylinder is a lopcal set of 452(0 to 451) sectors. A physical cylinder has 456 
sectofi, the last four of which are used by DAB to replace up to four defective sectors per cyUndet, thus 
maintaining the illusion to FM that every pack is tlawless. 

The sector substitution table is initialized by a pack initializer FPU routine, IPK. IPK writes and 
subsequently reads each allocatable sector an the pack and manufactures a substitution entry for every 
sector Mv^ich is incapable of being reread, IPK also blank labels the pack, so that it can be permanetly 
labeled by the FILEEDIT program which is used to derme the content and structure of the CAMIL data 
base, 

TMM 

Hie peupheral routine wliich times the CAMIL jobs is TMM. Tlie EXECUTER tells TMM when to 
bepn timing its use of the processor and the time slice to be allowed. TMM will time the use of the 
processor, continually placing the number of time units used by the job into central memory, Iii this way, 
when the CAMIL job is swapped out, the processor usage is immediately available to the swapping routine, 
and no special call is required to get it. If the job uses more GP time tbnn the time slice allowed, a flag in 
central memory is set, which all CAMIL programs periodically check, and the job will voluntarily relinquish 
control of the processor, 

TMM also updates the current date and time in the CAMIL date and time areift when it is i|Ot.timinga 
CAMIL job. This allows CAMIL progrnms to directly access date and tjme information through system 
defined variables instead of special procedure calls usually found in other prograrnniing languages. 

Vi. CAMIL ALITHORING SUPPORT FEATURES AND^AIDS 

Because CAMIL is a highly flexible language, it was desirable to implemmt some systeili functions in 
CAMIL Itself, All system level operations controning access to the CAMIL system are perfornied by CAMIL 
pro lams. User LOGON passwords, system flic dennitions (including security access privileges), program 
diting, and even CAMIL program loading are all performed by CAMIL programs, Because ti\me programs 
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are written in CAMIL, they provide an "inteliigent'' interface between the useif and the CAMIL system and 
can be aaslly updated to reflect system changes. CAMIL programs provide the u^er with menus, help when 
requcsted/and interroption of iUepl requests. ^ ^-—^^^^^-^^ 

One important fadUty is not a separate propam but is imbedded in the EXECUTER^ro^am.This 
facility aUows the author of a propam to Interrupt execution of the propam by pressing an *'AUTHOR" 
function key on the keyboard. The author key allows hini to immediately autopsy the program, look into 
the data stack of the program, restart the program^ communicate 'with other termLralSj or^hionitor the 
activities of another terminal in the system, The monitor function provides for future acuess to a number of 
interactive breakpointingvand analysis facilities which may be added to the system. 

The functio^ of each of the major programs used to implement the system wfll now be explained, 

LOGON Profflam ^ 

When the system is running under CAMIL, every terminal is established as either unused or running a 
CAMIL program. When a terminal is powered upj it emits data to the computer indicating this condition. 
The CAMIL system establishes a data area for the terminal and begins executing ■ program called LOGON. 
In anything further done at that terminal, it wUl merely be jumping from one CAMIL propam to another, 
i.e., LOGON-^^LOADERh^EDITOR-^LOADER^USERPRM-^LOADER,^ The logon progmm 
initiaUzes the termirial and identifies the user by associating' him with his user privileges through liis 
LOGON ID and security password and information. His status in the system and everything he is permitted 
to accomplish are controlled by this information. As additional security is needed, it Is provided by the 
concerned programs, which protect the data basej and apply restrictions based on security data in his user 
records. As an example, certain functions miglit only be allowed to be perfomied by certain programs run 
by certain people at certain tenninals in certain buildinp during certain times of the day. In this manner, 
multiple restrictions are placed on critical data areas so that penetration of a single person's personal data is 
inadequate to compromise system security. Final control is retained by restricting data base access to 
programs by name (each plogram name is unique) so that if a program could be copied and modified to 
remove some security checks, it would still be denied data access by virtue of being a different program. 

The role of the LOGON program, in this process is to identify tlie person trying to log on, deterniine 
whether he is pemiitted access froni the log-on site, and apply restrictions as recorded in his user records. 
Since the user will always be running some CAMIL program or submitting a batch program from some 
CAMIL program through the program editor, security is retained by the CAMIL system. 

The LOGON program also has such pe^pheral functions as to display run time error information if a 
CAMIL program must be suspended, display resource utilization factors and display lists of programs 
permitted to the user, Tlie successful operation of the LOGON program depetids upon a user data base 
generated by another program called the user editor whichiestablishes user.pemnlssions. 

Program Editor 

All CAMIL programs are created and reside in the A IS computer. Programs are intended to be 
authored omline and updated interactively. For this reason^ a powerful but easy to use editor is an essential 
part of the prognunming system, Tlie CAMIL editor was^jivspired by the PLATO IV edit program and was 
initially written in the original CAMIL language im pie mentation. It ha.^ now been rewritten in CAMIL 11, 
resulting in an approximately SO^percent reduction in source program size, althougli the original editor is 
retained for use when the olcj system is executing. , 

The editor is intended to allow modular progriun construction for/ ease of access witliout causing 
annoying specific actions to be performed to link the resulting prografsi modules. To support this, the 
CAMIL system, local PASCAL compiler, and a print program have been written to use or disguise this 
modularity as appropriate, thus allowifig the user to create nindulcs correH|)onding to CAMIL or PASCAL 
routines or blocks of text. The pditc^ has four primary levels of operation: prngnifn, directory, module, and 
te^^fuaL , ^ 



Program level operatiDns are those such as creating, copying, deleting, compiling, Gatalopng, pnntmg, 
or checking the status of a program, these are accamphshed on an entry page as options available thiougli 
single keypresses. The most frequently performed step from this page is to enter the directory level of . 
operation All propams are divided into major directory areas; in Uie casi^WC^MlL programs, these areas 
are-correM with spcciHc divisions of the program and ^ven tlic names: Shared, Private, Procedures, 
Segments; Errors, and Autopsies, Each of these is merely ara entry point to a chain of directpry pages, any 
one of which can contain up to 30 entries and is Hnked to the subsequent and preceding directory pages, 
The directory is presented to the user as a menu of module names, each witHTnuniJier that can be used to 
enter the module for editing. In addition, directory level tunctions, such adding, delbting, rearraripng, 
renaming, and copying entire modului, are performed at this leveL Also'modulc level print flap can be set 
for each module so that selective printouts can be accomplished by the print program. New directories niay 
be added foUovtang or preceding the current page at tliis level. The user will normally select a module for 
editing by entering the module numhen on this page, wliich moves him to the module level ot editing. 

At the module level, the user is automatically provided a displayed set of lines representirig the ^ 
current location irt the module. The user can set the number of lines that is seen by default to any number 
of lines that will tit on the screen; the system will initially display five lines. As the user moves forward or 
backward thr^ugli the module, the lines that are displayed are numbered with smdl numbers froiii I to3U 
and the user refers to lines by these numbers. Since the numbers are completely relative, lines may be added 
or removed, and the system will cunstnntly display the updated text with familiar numbers that always 
appear on the snin^im^ of the scr^n. Since these nunibers are kept as small aspc^siblc, typing is kept to a 
minhuum. If the user wants to sec more lines than are displayed at any moment, this can be done by 
pressing^the space bar, and the cdUur^will double the number of lines currently on the screen and add this 
many more lines to the display. Unes already on the screen do not scroll or move as in some terminals so 
they can be easily read as new lines arc being added to the screen. The user can move forward througli the 
text by simply pressing the ^^NBXT" key, which will move the current loehtion to the line following the 
line eunently displayed at tlie bottom of the screen, and then redraw the screen to display the default 
number of lines. 

Conunands availnbU at the mudule level allow entry to n textual level of editing in which lines may be 
inserted or replaced. In each of these modes, the user denotes insertion to begin after or replacement' t(>: 
begin with some hne which is un the screen. The screen Is redrawn with the referenced line near tlie top of 
the screen, and with the user cursor under the line of entry. In insert mode, the line inserted after is placed 
into a special copy buffer. Uditing keys on the CAMIL keyboard allow this line to be copied wholly, word 
by word, ar letter by letter inia tlie use^ input biifter, along with any new characters to be added to the 
line. Other keys allow thinp copied or entered to be erased Wholly, word by word, or a letter at a time. 
Still other keys allow the line, words or lettei^ to be reumved right to left from the input buffer as though 
they were bcmg urascd, tmt then returned to the screen and to the user input buffer at tlie press of anottier 
key. The combination of thse kuys allows existingahicK in the module to be copied quickly to the point of a 
mistake from cither left or right direction, a corrcctloii to be inserted into the line, and the rest of the 
line to be copied without error/ln replace mode the copy. buffer is merely loaded with the line to be 
replaced so rapid updating of errors, witlumt introducing new typing errors caused by reentering characters 
which are already correctly ^entered into the line, is possible. In^ithcr mode the user can skip over lines he 
' docs not want to change thus allowing hnn to easily move through an area containing errors and updntu or 
hisurt after each^ine as needed without having to redesignntc with numbers which line he intends to alter 
next. Ikcausc these keys allow the iiser to directly edit the characters in lines, these keys perform the 
function of numerous string oriented luiiting comuumils tbund in tnore conventional editors. As a resuU; 
the iM\\y siring oriented comnumd is one with which a module niay be searched tor occurrences ot a 
pariicijlar string, with optional ruplacemant by another string by pressing a function key. 

The :cunif)mnds available at the nuidnle level allow the user to muve forward or backward by tlie 
nuiuber iff lines displayed, to the licginning or end of a module, to the lines hiJlowing the lines currently on 
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the Screen, ur to the rolluwin^ or procctling inodulu by the press of a siii^e-k^^i^Lines iiiay be deleted by 
entering the starting and eruling line number, ur fuay he suvcd irUO'a **save bulfer'' and carried to some 
othtr place in the module or into a different inodulc, program or editor. Ih addition, grnupl of lines liiay be 
nioved left or riglit a dcsipritcd number of spaces to align theni with other lines in the text; this is very 
usel\il in the editing of strugtured prugramH^hcrp indentlngas often used to display program 'structure. In 
all c^iW^ds referring to im)re than one line, the designatetl lines are encircled by the editor to confirni 
that the proper lines have been denoted before the operation is cunipleted, thus giving the user a chance to 
change his mind before making a major error = 

To simplity program storage, changes made to a nunlule are not recorded on'dislc until the user leaves 
tlie niodule, at which time they are autoinatically reenrded by the editor witlurut.i^ny explicit action being 
perfprmed by the user, A special escape k provided which allows the user to leave the module without 
storing the chariges that have been made. Tliis is nornially used only wlien some rnajor blunder has been 
made, such as deleting a large block orntaterial by accident, which the user does not want to become a 
permanent change. If a module is emptied, it is autoniaticany removed from the prografu directory , and if a 
i\cw module is being created, it will be automatically entered into tlie program directory at the place it is 
^lesignated to be added. ; 

Another usetul function supported by the editor is the automatic tab function. In automntic mode, 
the tab 'key will indent to the line whicli is being inserted after or replaced; this is useful tor indenting 
!?tructured programs or lor entering indented textual inateriah A manual mode is also available where fixed 
coluuuis S|K!citled by the usi^r can be used whet) ttib is pressed; this is usefid for editing programs written in 
assenihly language or for entering colutnn sensitive data. 

To assist in the deveU^pment of stnictured progr^nns, the editoj searclies fur leading BhCJINand END 
syiubiiis and the special CAMIL begin^tui cluiracturs. When vertically'paired symbols are found, the ^ditor 
will automatically connect them witli vertical lines each time the screen is redrawn. (This may be seen in 
the CAMIL examples included in the appendix.) An autoniatic grid funetion is ii,lsu available which will 
draw vertical lines at designatable character interval each time the screen is redra\viu to assist in placing 
ctilumn critical data at predeterniined [iosiiit^iis wlieu the terminal is used as a pseuilo keypunch machine 
tor card tbrmat oriented data entry. ^ 

Automatic Error Mocie 

VVlien a CAMll. or PASCAL prisgrani is subinltted for eonipilatitui, the editor generates a request for 
the compilation by routing the ret]uest into the system input queue. Tlte refjucst includes only^the name ol, 
the program to be comjiiled and any unusual piirntneters which are to be applied, Tlic corresponding 
compiler obtains the program source by^-Tcading the program level directory, then the inodule directory 
pages, and in turn the source modules t\oni the data base. No physical medium other than diskfjtoragc is 
used to retain the sfuirce inlorination. To be cotisisicnt with this philosoph/, the compilers do not generate 
program Ustingr as the prograniH are ctmipilcLi, but rather, if an enor is encountered during ci^mpilatian, an 
entry is made in an error record, indicatiiig the module mnnber, line munber, colutnn number, atul error 
nurnher of the encountered problem. At the end of tlie conipilatiou tliis error record is recorded on disk t or 
use by the program editor. When the user requestH to sec the error module directory, the error nnxlule is 
iisej to read up the niodule containing the llrst errcu , sot the current line posiUou to the line containing the 
error, draw a pointer to the place in the line wheie the error was discovered, and display tlie error number 
and an Hnglish descriptitMi of the meaning ol the error niessage at the bottom of the screen. (A hard copy 
of this display is included in the appendix, ) In this maimer, the author need not be at the central 0c wiUi 
the printer to use the system, rhe resulting etivumunent is niuch taster to use than a paper' or screen 
eifUlvatVnt td a listitig with error messages embedded iti the prtigram text, rius is parliciilarly true as 
programs grow iri si/e. { Ihe AIH iRlaptivv nunlcl used tor stiideiit lesspn inaiiagemeni takes apfuoximately^ 
45 minutes to list), hmictlon keys allow the user to rOipiesl the display of the iiext eiTor as needed and'theti 
to go ti» another uuhIuIc to Rx the [problem, sucli us an uudeclaied idfutiher, without causit^g prohle^u^. 
This nicility coiid)iiied with lapnl partial coinpilatiiUi can reduce ^complete turnaround cycles to less thtin a 
minute. % = 



. ' The editor also. provides access to autopsy reports generated when a program Ms in operation* As 
eKplained in another section, the entire (km ycntext of a program is saved in the event of such a failure. 
The autopsy program ranemonically dumps ifmn data, and a source module is constructed for each local 
and |joha! daf5 area apd for the built^n Ny^S^m variables for the program, It abo builds a directory^^r these 
suurce moaul§s so that dip user can select which data area to observe in tlie same way that a module is 
selected to edit when editing normal propanuourccs. These directories are alio strung together so that the 
user can look at all of the autopsics.whirt have occuired, independently of ^vhere the program may have 
been running within the. AIS netwofk. In l\m mancior, field problems are returned to the program author, 
v/ho thm hm a descrij^ti^y of what vjm happening at the moment of failure, even though the author was 
not physically present at the time. AH normal editing functions are available so thfe author may search for 
desired identifiers or values or may scroll Througli the autopiy IdQking for someihing which seems 
abnormal The combination of these two tut^ructive debugging aicl^Veatly enhances the usability of the 
system, particularly for remote program iH'velopment. 

^riie editor program, which was writtai in origimJ CAMIL, was translated into CAMIL In aboiit two 
worH weeb, and reduced in si^e about SO^f. The resulting program is approximately 8,000^ words pf source 

V ,code (26Q0 Unes), cutnpared with 3:,000 svords of source code (5400 Hnes) for the program written in 
'briglnal CAMIL, The resulting^ decrease m line size is due primarily to the more efficient syntax and 
sefitences of CAMIL 11, and ihe additiopl r^Uuctiun in code size is due tp a 35% improvement in source 
eude storage density hi CAMIL II editor ft^rnrnt, - 

T lie User Editor * 

The nie of infurmation^used by the LOGON program js created by another program called the user 
editor, Vm pro^rani ^illoWs an autlVori/cj person to create anfl Modify records for othet people, Naturaliy, 
admlnt^tratiye cntitruls must be applied. conETOiling who has life ability to extend thisf privilep to other 
persons, but this is^cntbrced by thtf user cJitor which is the sole program that can edit the user file. 

Die user editor will not be explained m depth, btit it contairis the ;neccssary displays to establish, 
survey, delete, aiid modify user records, ^ 

' File Editor 

\ - 

The yAMlL tile systenNuiuinag^^d isitcr^ictivcly through the program FILEEDIT, With this prograiiu 
file detmitU^ns are interactively^eated. edited, and deleted. Tire resultant file definition file is used at 
systeni iniliah/atinii tini'c to Umd s^teiti tile in^ ; ■ _ 

When creatini:: a new tile deniitioiii. the Ole editor solicits information (file type, record size, buffer 
si/e, numbef of buften^. security [^jvile|^^^, nutnbur of records, etc.) required to defiiie a file. From- the 
ohtmncd information, the Hie edit p|u|^rain ijOfiiputcK the total disk storage space: W^uired to hold the file, 
which is tlien Used by tl^rogram wlfen nUisciiiing physical disk ^pacc for the^file. .-^ 

Whon the user is satislled with the tile definition, physical disk space for the file must be allocated. 
The user tnuy ()ptionnlly direct whurc it wiitbe physiciilly located (by disk pack and cylinfJersy or i^T^y 
allow the LlLliLUlT program to \m\ the required disk space. ■ - : {^i 

The tile edit program also pr(wides for general disk mnitUenance and disk allocation updates. Disk 
packs which have been initinli/cd by the IPK routine can be labeled by the file edit program, making thern 
ready for use tn the CAMIL file systernL Also allocation itiaps' for each disk pack can be inspected and 
changed by the ITLLLDI T prugranr T\m iili^ws the status of each disk pack to be examined prior to 
ullocaticMl of ;i new file. ; , 
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A CAMIL propaiti in exacutlon presents a pattern of Information on a termLnal mmn whlcii the 
author can obsirve to pertlaliy detennlne whether his program ^ executing correctly. Slmultaneouily, 
vaiiablii intinid to thi propam; but not visible to the author^ are undergoing continuous chanp^ It is 
often very desirable for the author to observe tliis Internal state, but this is gulte difficult to accomi^ish, 
sinoe nonnaUy the prdgrun would iLave to be temporailly modifled to display these data, Idong ^th ^ 
desired scrie)\ output of the propam. It would be lU^ly desirable to have a tool which would display tl9 - 
infonnation at the request of the user, without requiring modification of the program. It would aUo be very 
timely to apply Mb tool in the event of an unanticipated failure of the program during execution. 

llie dump is puch a tool but has untU'recently been as crude in form as the programming languages it 
has served. The post mortem dump implemented by Sandniayr (Reference 6) has provided dumr^like 
information in a mnemonic form for the simple data types supported b/ PASCAL* The CAMIL autopsy 
report extends the basic notions of the PASCAL PMD to include all user structured data typ^, such as 
packed records array 1, niesi sets, and classes. The CAMIL autopsy can also be taken any time during normal 
execution of a CAMIL propam by pressing the AUTHOR key and requesting an autopsy. 

When an autopsy is requested, the state bf the program in central memory is written onto the data 
base for piesentation to the autopsy dum^r. The dumper wUl use compiler generated descriptions of the 
address space of the propatfi to produce a mnemonic dump of the data area of all routines active at the 
time of the autopsy. It also generates the cdling sequence of active routines and attaches all of this 
information to the propam directory. The author can use the propam editor to examine this information 
at vyfll. The default autopsy covers aU variables in the propam, but compiler directives aflow the autopsy to 
be selectively omitted for items in which the propammer Ims no inter^t. 

Print Prograip 

Baeause the character set for the CAMIL system includes 124 hard printable characters, a special 
printaf chain is needed to print all of Qie character paphics used by the system, This special chain 
reUnquishes some redundancy of frequency used characters in order to make positions available for the 
nonstandard paphics (print slup) used for CAMIL, The absence of these slup causes the printer to run 
more slowly, especiaDy when CAMIL propams, including character Which appear only once on the chain, 
are listed. To counteract tliis facior, a print propam was written which is capable of reading CAMIL 
directories and source modules, and printing the full character set on the printer in a unique two-page 
fbnriat. ;J^' , 

Unes in CAMIL modides are never more than 60 characters in length since the AIS terminal screen 
allows only 64 characten total, and four of these are used by the editor at the l^ft marpn for line numbere 
and spacing. The line printer Js capable of printing 136 character lirtes across a IS-inch-wide continuous ; 
paper form. To make th^ most of this combi nation, the print propam prints two images yde by side on 
each sheet of line printer paper, Because the print time for each line is determined prirtiarily by the time 
waiting for all needed slup to pass over positions where they are to be printed, printing s wider line has 
little effect on the printer speed pompafed to the need to wait for the full printer^ chain to cycle by each 
line* The residtihg printout is thus twice as wide and half as long as the normal format and has the further 
unique property that it can be buret and each page folded upon itself, producing a book-like format which 
is' much more convenient for propam documentation. The major operational benefit of thJs format is that 
the printer nins almost twice as fast on these normally slow listinp and uses half as much paper. 

^ TTie print propam ^so prints a propam summary at the end of the listing which cross-references 
modules to the page of the.Usting where the module was printed, Pages are automatically numbered at the 
bottom and module line ^lumbers and headinp can be printed or deleted at the request of the user. The 
print propam is written in PASGAL arid attaches to the CANJIL data base through the batch propam 
Interface described in the file manager section. ^ 
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Tha knguap descrlbid In thii papir U i wofkabii wably Imptemintid linguaie. It reflactt quilltatlve 
Improviminti in CAMIL derived from exparienci wiUi the gurreht oparational bnplamfntation of the 
lanpa^. Theie ImpfWimanti wira lufndant to lUow a mora than 50% reduction In tha die of the 
propim a^tor wWch has been translatad Into the new fgrmat as a test case propam. In addition, the 
rasulting propam appears ,to rm both intaractlvriy/fastaf (subjaatlve obiarvatlon) and ^nsuma leM 
computer time during execution. The propam is also signlflcanUy mora readable dua to tha^xtenilva use 
of tha CAMtL usar sentence and imprcwed flla itnieturei. Wa feel that tfils savhii is typical of savinp 
which could be realized If the current system converted to the new language format and that the 
greatly improyad com^let performance would facmtata such an effort and future ap^catlons of AK to 
new Instructional areas. ... 

A pivotd question which arisrt when such an effort of thta type is contem)^ated U whether the 
bcnaflts of such a. conversion outwei^i the costs In time^ effort, and interference MAlth ttia operational 
environment. If the AIS laid should increase, major improvements would be naaded *to hanfie tha 
additional load imposed u^n the computer, demantog eitiier addition^ hMdwra or Improvaments in 
softwaie. If such an increase was to occur, an dtemativi to ah increw in hardware performance now 
exists, along with qualitative improvements in development faciUtiis, 

In the' event that demand for AIS computer services does not expand, or if it assume a difftr^t 
direction away from the crntrd, research oriented form that )s cunently Implemented, wayhave nevarthelass 
gained iignincant knowledge of the ynplemehtation approaches to use in future developments and of the 
types of interactive aids which should be included in future systems. 
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APPENDIX A : PROGRAM EXCERPTS 



' Sfveral propam txcerpts m included In this ippendlx to display soniething of the CAMIL 
fflvlronfn^t to tha reader. Unfortunately * the extreme resnonslveness cannot be captured on paper nor by 
a saquanca of frunes showing progress through a program, 

I . JMsplay of 1 lyntwi error as producad by CAMIL e^tor automatic error display mode. Ilia editor 
user prenei a sin^e key which causes the editor to read up the module containing the next error and show 
him an En^sh dekripUon of the error^ wHch he can then correct 



S^ggments; picture 
1 . , draw from 1 00 , 400' to ^4iQ' , ; " 

2 drmi to 200, 100; ' 

3 PLFlNE(2 70, 400, 300) ; , 

H '. on l ine 31,cc.l 5 write large ' Enroute 
on 1 ihe 1, col' 40 ujT'ite ■ 



displciy' sizfid 3.0,2 



l;0'4s identifier not declared 



5? 



ERIC 



S3 



\ 2, Ailmple typing drill program 
typtat muit correctly copy. 



which places randomly selected words'on the screen which the 



Segments: TYPO . - Space ; 7 47 

i CONSTRNT INTEGER 1 i nefe+^S , ., words*-6 , vocab*=44; 



2 
3 
4 

5, 
6 ■ 
7 
8 
9 

10 
1 1 

12 
' 13 
•14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
■ 28 
29 
30 
31 



ARRf=lY [0 ^ vocab] OF STRING [8] i,ud+' ( ' ' » ' enr i ch , done r 

'encina' , 'murky' , 'clam' , 'doodle' , 'slap' . 'carnage' , ^ 
'cluster' , 'granola'', 'erase' , 'zulu' , ' quirk | p | aqueous ^ , , 
mauve , 'muddle' , ' risgle' . ' epd^^ ' . 'paraffin' , gross , 
■=.link'', '-slurp' . 'amoeba' , 'abilone' ,' walrus 'zero , 
^ucrase', 'cranium', 'sap', 'zUch'. 'xerox',, 'lithium' p 

serum ' , ' proton ' , ' si 1 icon ' , ' tr ibble ' , 'clone ' , 'cut 
in', ' do ' . ' 1 1 mer ' , ' 1 1 m i d. ' pervade ' , ' med i ate ' ) ; • • 

VRRIRBLE INTEGER /i, J ,k, errs, chars, start; STRING [Sl^wj _ 
PRCKED RRRFlYE lines, 0: words- 1] OF 0r vocab wdmx; CHHR <shar;. 

IF [BRCK] 'DO; start4=SYS,CPUTIME; errs4=0; chara-ng; eraser 
FOR 1 TO 1 iries DO, .. ^ . . 

FOR j FROM 0 REPERT words DO / , 

. rk^-RRNDOn-voca)::'; wdinx [i , j ] *-k; . 

write wd[kJ c^i 1 ine CSk i "Z) , col ' Cj >a0 + 2) ; , 

■ FOR - i TO 1 ines DO " ' .■ 

FOR j- FRCri 0 REPERT' words DO - _ , 

W4=wd [wd 1 nx [ 1 , j ] 3 ; chars<HC;h&rs+LENGTH (w) ; 
FOR k UNTIL k = LENGTH (wj DO • , ' " 

accept rep. with [noarrow , nocaps] ; char^-w [k] ; 

IF J, KEY = char -THEN 
wr 1 te char on 1 i ne C i x 3 = 1) , co 1 C j x 1 0+ 1 +k) ■ 

EL'BE 

L [unwrite w on 1 i ne (3 k i -1 ) ,col Cj ^ 10+2^ ; errs^errs+ Uk4-0 
UNTIL J».KEY=' ' DO accept rep wi.th [noarrow] , 

on line 31, col 5 unt i 1 [NEJ^T] wrWe , ^ 
"You typed ", chars:3,- " chars with ," , errs ^ 3 errors 
CPUTlhE= " , CCPUTIME- start) /4 . 09 6/chars ^6:2, 'Se/keypress 



■5^ 



3. Orignd CAMIL eode for a s 
and chesks any moi^ uiNfer agidRit the 
dliplayed openmda; 



Impla inkth driU pro|rani whic^h randoinly ganir^es math probliins 
poiriUUty of ha^g pArfonned the wrong opfration on the 



'2 DEKINE^'STFaNGUJ f^Pl 



5. 
6 

i " 

9 

10 
1 i 

12 

i 3 
. i 4 
II 

1 7 

le 

19 

f0 

2 1 
22 
23 
24 
25 
26 
27 
2i 
29 
30 
3i 
1 

2 
3 
4 

5 . 
I 

7i 



Eras-e Screens fit Col 
'Ul^lccrh* to flPiTH C 
R£PERT 10 TiriES DO 
3EGIN ON HELP DO 
Eraif^ Screen; At C 



Sf^.^c^r . 747_ _ , J\ 

i0p' Lir.^ 5 Write 
'ILLi. Pr^SS'f^T to f-tart 



Pa' 



r 1 1« ©TfSi ^ Pausel^ trv**-? ; 
ol 2.?, Line 30 Ul^itW "H^lp Rv^^.ilabl^' 
1*-RRND 0n\2f r*^fmp () n l 2 ; ©ps*s I ^ct*=RmO C) ^3.^* 1 1 
CflSC opselect or 

(1 I &n-,*-l ? I iins*- 1 31 ans*^lxr| 4 | aris«- 1 r) | 
JUDGE 
btQlN Erase Line 
fit Col S| Lini 



Urite op [opi-el^^^t] 1 Writa r Wi th Magnitude 2| tJrite. 



Accept fit Col 1 
ND WITH 
PEGIN^ 
ans I CUlrite * ©k 
1 +r I (Write " iio 



^'pLine 10; tr^*-tr^=l| 



0 Write t With Magnitude 2; 



For 1 Secondkiir try*l THEN oks*^oks* 1) 
did you add?' For 1 Seconds | 
J^FLAG*^FRlIsE) ; ^ ^ 

l-rlCWrite ' nc did you subtract' For i Seoondsi 

J,FLRG*-FRLSE) | * ' 

li<ri (Write ' nc did you multiply* For^ 1 Seconds j 

J,FLAG#=FAdsE) \ ' ; K] 
l-^rl (Write ' n4 did you divide' For 1 Secofidsj 
J,FLRG4^FAUSE) " 
END ■ ' ! ' ■ ■ ^ ^ 

ELSE. -I . . . 

PEGIN ' 

IF try<f THED4I .(Write ' flnaujer wm' } J ^ FLfiG^-TRLE ; ■ 
Write ans With flafnitude 4| Pause For I Seconds) 



ELSE Write 



no Try again' For £ Seconds 



f 



Er as€ Screen i fit Col 5 j Li ne 20 Wr i te ' Nurnber correct 
Write oksj fit Col Line 21 Write 'Number misled 
Write i0-okSi Pdus;ei 



4. CAMIL II code for the same math drfll propam. 



Procedurca'; MRTHDRILL2 Spacer, 812 
1 * CONSTANT RRRflY[4] OF CHAR op*-(' + 



2 

3 
4 

5 
6 
7 
8 
9 

10 
1 1 

12 
13 
14 
15 
■16 
17 
18 

19 

20 
.21 
22 
23 
24 
25 



ERIC 



' + '). 



\/RRIflBLE INTEGER l,r, ana , opsel ect , oks 
-r ■ ■ 



aris#-l Kr r 4 I 
line 30, col 



ana*-l+r3; 
20; " 



aras^l on line 5, col 10 until [NEXT] write / 

"UJelcome to MftTH DRILL, Press NEXT to start"; 
REPEAT 10 DO 

IF' [HELP,BLUE_BflCK] DO write ans until [NEXT] ; ), 
erasei l^RflND0Mxi2r r*-RRNDOMx 1 2 ; opse lect ♦-RANDOM x 3. + 1 1 
CASE ops'elect 

[i t ans*-l+r; 2 I ans+-l -r ; 3' 
write "-HELP- available" on 

on line 10, col 5 write 1 : 2 , op [opselect] i 1 , r:l , ' = ll 

J>L00PLIMIT*-3r ^ ' , ' 

JUDGE accept on 1 ine 10, col 1 4 , . _ 

^ 1 sec^ IF J/C0UNT=1 THEN oks4=oks+ 1 J 

die! you add?" for 1 sec]; 

did you subtract?" for 1 sec]; 

did you mult iply?" for iaec]; 

did you divide? " 



ans I L ok; pause 
l+r|[no; write 
l-r,lQno; write 
1 ><r l[nof write 
_l+r|[no; write 



1 „sec 



ELSE 

"IF J ►COUNT- 3 THEN write " fln^u^ar was ^,ansM for 2 sac 

^ELSE.[no- -write " Try aiain" lor 1 sec / 

erase; on line 2i;col 5 write ^'Number correct -''pOKSp" 

Number missed ^ " p unt i 1 CNE>4T] 

to speU a Wddaa word Each lattar gupisad which do^ not appt ar in tiia word raidts in ptfts of the mm ^ 

being drawn ii^^he is "hung." , ^ ^ 



[The olae.^i^ HrtNGfW ^am^, gu^as the 



it t era in A uj: rd) 



4 

5 

7 

a" 

9 

0 

1 i 

12 
1 J 
M 

16 

m 



C0[4STr^NT ' . 

INTEGER nurnofwords*-20, x*-20f, y^iZSi 
f^PPAYtffimmoTwor^^] Cr STRING [8] words«- 



' s i rn i an , 

'bui Idinf 
* punip^ki n ' ^ 

'gross') ; 



' eanoa ' , * computer ' , 
J ' eloquant ' , * carnal ' 
'duck* I 'aircraft J 
'violent ' , 'arudita 



* seagu US 
, 'tortoiae' , 



•dUigantS •superiors 'baa^tly' 



VRRIftBLE 

INTEGER J .right .missed, sal ect; 

SET C»F 0mim^fwwrd5 usad; ^ 
■SET OF 'a' : chars inwd, usedcharsr ' 

STRING [8] MJOfdi / ^ ' • ; gQ 

r ' ' 56 



18 
19 

,20 
2\ 

kz 

23 
2M 
^15 
26 
27 
21 
29 
3a 

1 

4 



J Q 

I £ 

I 3 

! i 

' 5 

1 c 

i :* 

i a 

I 9 

2£> 
J I 
22 
I' I 
24 
25 
2b . 
2? " 
2d 
2^ 
3U" 
^ 1 
1 

3 
6 

a 



erase I right«-tr; miss€df-f| charsi nwdt* .[) i uG€dcbai?st- tl f 
REP£aT>iumofw6rd4H3 UNTIL ^ (select € us«d) DO , • 

^l€ct RFtfCMPd mmofwords; ,^ , , ' " ' 

u^ed*^us€d ♦ [select] I ujord^ujords [select] i ' ' ^ 
FOR 1 TfO LENGTH CtiJord) DO chars i nwd+^chareinw^ ♦ t^tord CiH I 

on hinm 4icbr i sized 3,1 write largii 'Tli# Hangnw Gam^ ' | 

■ ' - % ■ ■ . ' ■■ - - ■ ■ ^ 

{Drauj the Gallows) " . ' . . 

connect x*2l0,^i /^lyr. K+2S0, llfif, 

JUDGE accept rep wit'h [marrow, noeaps] 
" a'|-*2' h . ■ • V , ■ 

IF. J,:kEY ys^d^^rs THEN - ^ 

["on line 2S|CoT IB jor J sec write" You 'us^^^d.that char ■ j 
LJ/FLflG^^FALSfc:; v 
ELSE , ■ . ^ ■ . _ ' ' ■ ' 

u^^^ihar "a* i^s#dchars+ tJ^KEY] i' . , 
IF £Y € Wiarsinwd THEN - . 

FOR . u . TO 'LENGTH Oyord) DO ' . . ' 

IF J.KET^iMordTil THEN ,^ ' - 

[^»H te J.KEY on .\ ina zi, col (i*l0) | r ii»-rt*^rjght+ P | 
IF r|^ht-iJLNf^rH(MJOrdJ VHLN 

^lYt^ "Yogi Lyin** for 3* sec until [NEXT] 
prr line 25, coL I0| GOTO again ^ . ' ^ 

J.rLBG^FAL^E ^ - V- 

gUSC ^ '. 

misSed*=mi Bsad* 1 ; < > * . ; 

CASE' missed OF ' , ■ \ ' \ \ ■ 

1 t 'drayj from ^♦fiy-^f to x*i5,y+50| (I'l^/t leg) 

2 r draiM from x+I0i,yt5 to >s,*5f,y+50| {right leg) 

3 1 draw from ^+S§,y+S0'to x+5S,y+l60| {trunk} 

4 j draiij irom x+Sfpyti50 to x*S,y*i0£j| {left arm} 

5 I draui from x+SSsy4;lff0 to UP, y+ 100; {right aimj 
&I circle !0 at ^♦^5iy+l8if eccentr icity 2*0; {head} 

7 1 d:.t5 ;<4=5a,y4l90, 'X*60iy+I90| {ey^s.} ; ;J ^ 

8 r dots v<*55iy+l8S, x + f4,y+ie4, ^ ; 
A*S5py*ia4, x+56,y*l84; {nos^}- ' . ^ 

91 connect I ,y+ i 70, p<,*i3,y* 1 68, /x>S7,y* i 68, 
x*59,y-i-i7ffr (mouth) ; 



drjiM from x*55(y*27f to x + 5^,,y+200| , : 

on line 20, col'li write uibrdi ' K 

:-'n line 25, col 10 turite "^You huni/yourscl f " 

for I s*fc until CNEXTI i 
GOTO again; . ' * 



JpFLAGt-rtfiLSE; 



ELSE 
wr I ti 



^'Not 



letter" for 1 sec on Linq 25, col 10; 



■ ; si 

ERIC 



p 6. A dntfe fraina taken ^urihg the ^ecutioh of the g^t. Hie u^r is tiying to |ui^ the word. . 
"beait^**tiutisveryclo^tobiiiig^'^^^ ' 



Pi^^' Han a man feci me 




■ ^^v^■^^■ ■ ■ ■■■■■■ •. ■. . 62 ■ 

, 58. , , 4 



,.c'^^DIXB; CMmJl^^ SYNTAX CHARTS 



* The ifoiDoi^iig charti repmant the i^tax ofihe CAMQ^ II knguap ^ipUcaliy.'tlii explanation of 
> xiuut notation b fiidudid. In th^ Ean^ge^ Qascription section of ttili leport^ Hit jMlo^^^ oharts dp not 
fleowady eKpUU temttide r^Motions of the luiguap, which am axplainid mW fidl^lhroughout the 




Nil 

it|ii 



1 1 i i i I 




!Eilir 
iifilUa! 



Hi' 



ERIC 



63 



59 



l£llir 
conitint 



iypi id 



litiril II! 



— ^ RECORD^ } » ^ fliO IN iipipspie 




lubringi 



cans tint 




ieilir 
lonsimt 



J- 



64 



60 



